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1 . 0  INTRODUCTION 


This  final  technical  report,  prepared  by  Combustion  Electromagnetics 
Inc.,  CEI,  for  the  U.S.  Army  Tank-Automotive  Command  (TACOM) ,  under  contract 
DAAE07-84-C-RO47  and  DAAE07-85-C-R054,  describes  the  prototype  engine  deve¬ 
loped  for  achieving  the  objectives  of  this  contract  including  the  fuel  injec¬ 
tor  and  ignition  system  used,  and  the  test  results  obtained.  A  Deutz  F1L511D, 
single-cylinder,  air-cooled,  direct-injection  diesel  engine  of  50  cubic-inch 
displacement  was  used  as  the  base  engine  and  was  modified  from  the  crankcase 
up  into  the  prototype  engine.  The  engine  was  tested  both  in  its  completed 
prototype  form  and  in  baseline  form.  The  SuperFlow  Computerized  Engine 
Dynamometer  and  the  Geneva  APA  100  were  used  to  conduct  the  tests  and  to 
collect  all  the  required  data. 


2 . 0  OBJECTIVE 


The  primary  goal  of  this  work  was  to  modify  a  high-power  and  high-energy 
ignition  system  developed  by  CEI  (the  "CEI  Ignition")  to  be  made  suitable  for 
Direct-Injection  IC  engines  and  to  test  it  on  a  prototype  engine  of  appro¬ 
priate  design,  developed  by  CEI,  by  modifying  an  existing  high-efficiency 
diesel  engine.  The  engine  would  be  modified  to  have  a  moderate  compression 
ratio,  no  swirl,  and  moderate  to  high  squish  to  help  improve  the  air-fuel 
mixing  and  to  speed  up  the  burn.  Cold  start  at  the  lower  compression  ratio 
would  be  achieved  through  use  of  the  ignition.  The  expected  results  are  a 
significant  reduction  in  both  the  peak  combustion  pressures  and  in  the  rate 
of  rise  of  pressure.  This,  in  turn,  was  expected  to  provide  a  high  engine 
efficiency,  a  low-heat  transfer,  and  a  multi  fuel  capability. 

The  single-cylinder  prototype  test  engine  would  be  designed  to  accommo¬ 
date  a  central  fuel  injector  and  a  dual  (CEI)  pulsed  type  discharge  ignition 
for  igniting  the  fuel  spray  and  for  coupling  electrical  energy  to  the  flame 
front  during  the  ignition  and  early  combustion  periods.  The  baseline  and 
prototype  engine  would  be  dynamometer  tested  on  a  SuperFlow  Computerized 
Engine  Dynamometer  Test  Bed  to  assess  both  the  benefits  of  the  dual  ignition 
system  and  the  benefits  of  the  engine  design.  The  Geneva  APA  100  would  be 
used  for  in-cylinder  measurements  using  a  pressure  transducer. 
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3.0  CONCLUSIONS 


The  new  ignition  and  engine  system  was  successful  in  meeting  most  of  the 
contract  objectives,  but  was  unsuccessful  in  that  the  spark  plug  suffered 
from  a  persistent  fouling  problem  due  to  contamination  by  the  injected  fuel. 
In  addition,  the  combination  of  the  required  high  spark  breakdown  voltage 
and  the  plug  contamination  made  for  an  especially  stressful  environment  for 
the  ignition.  This  has  led  to  the  regrettable  conclusion  that,  without 
further  research  to  prove  otherwise,  high-power,  high-energy  ignition,  i.e., 
CEI  ignition,  is  not  considered  to  be  a  practical  approach  at  this  time  for 
controlling  early-stage  combustion  in  diesel  engines.  If  there  existed  a 
demonstrated  strong  desire  to  pursue  such  an  approach,  then  the  research 
should  include  studies  of  fuel  contamination  of  ceramics  and  possible  ways 
to  alleviate  it,  including  the  possible  use  of  extended  ceramic  plugs  and 
the  possible  development  of  a  dual  glow  plug/spark  plug. 


4.0  RECOMMENDATIONS 

4.1.  Ignition/Engine  Modifications 

As  stated  in  the  "Conclusion"  section,  use  of  the  CEI  ignition  in 
diesel  engines  is  not  recommended,  unless  work  is  successfully  performed  to 
develop  ways  to  handle  the  combined  problems  of  plug  fouling  and  a  very  high 
ignition  voltage  requirement.  However,  a  possible  design  will  be  presented 
which  uses  an  unusually  long  insulator  nose  to  minimize  the  plug-fouling 
problem,  and  a  plug-tip  location  to  provide  a  possible  self-cleansing  action 
by  strong  squish  flow  fields.  Also,  piston  firing  will  be  recommended  to 
provide  for  the  largest  possible  plug  gap  and  elimination  of  the  ground  or 
"J"  electrode. 

4.2.  Alternative  Engines 

CEI  recommends  taking  a  totally  different  approach  in  terms  of  engine 
type  and  design  for  meeting  the  objectives  of  a  multi  fuel  direct  injection 
engine  with  a  high  power  to  weight  ratio;  i.e.,  a  lighter  weight  engine  than 
the  current  diesel.  Development  of  a  low  effective  compression  ratio  two- 
stroke  engine  for  this  application  is  recommended  as  well  as  a  low  cost, 
low-pressure  fuel  injection  system  designed  for  early  injection  into  a  high- 
flow  field  which  will  promote  mixing. 
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5.0.  DISCUSSION 


5.1.  Background 

There  is  a  need  to  Increase  the  diesel  engine’s  capabilities  for  burning  a 
variety  of  fuels  and  to  reduce  its  weight  and  size.  In  addition,  there  is  an 
advantage  to  reducing  the  engine  heat  transfer  losses  so  that  an  air-cooling 
system,  versus  a  water-cooling  system,  can  be  used.  It  is  desired  to 
accomplish  these  goals  while  maintaining  or  improving  the  engine  efficiency, 
preferably  while  improving  the  engine's  exhaust  emission  levels. 

One  way  to  achieve  some  of  the  desired  goals  is  to  better  control  the  flame 
initiation  process.  This  can  be  done  in  several  ways,  such  as  by  using  some 
electrical  initiation  means,  e.g.,  a  spark  plug,  or  by  using  an  electroni¬ 
cally  controlled  fuel  injection  system.  Electronic  fuel  injection  still 
requires  compression  ignition  as  the  ignition  process,  and  therefore  requires 
a  very  high  compression  ratio  of  17:1  to  24:1,  which  is  detrimental  from  the 
perspective  of  reducing  engine  size,  weight,  and  heat  transfer,  and  optimi¬ 
zing  engine  efficiency.  An  ignition  system,  on  the  other  hand,  is  compatible 
with  a  lower  compression  ratio,  including  the  compression  ratio  (CR)  where 
best  efficiency  is  achieved,  i.e.,  11  to  13  to  1  CR  for  the  typical  diesel 

engine.  However,  as  was  discovered  in  this  work,  the  diesel-engine  environ¬ 
ment  is  particularly  harsh  for  an  ignition  system  from  the  perspective  of 
plug  fouling  and  high  cylinder  pressures. 

However,  it  is  clear  that  if  the  time  of  flame  initiation  can  be  specified 
as  a  function  of  engine  RPM  and  load  (as  it  is  in  a  gasoline  engine)  and  the 
engine  can  be  operated  at  a  moderate  compression  ratio,  then  the  desired 
goals  mentioned  above  can  be  met,  and  in  addition,  slightly  higher  engine 
efficiency  can  be  achieved,  as  well  as  a  substantially  lower  rate  of  rise  of 
pressure,  (one  of  the  principal  problems  of  the  diesel  engine). 
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5.2.  Fuel  Injection  System 


Considerable  research  was  done  on  identifying  suitable  fuel  injection  nozzle 
characteristics  for  this  contract.  The  results  of  this  research  were  repor¬ 
ted  in  Technical  Report  No.  5,  which  is  included  as  part  of  Appendix  A.  The 
principal  results  related  to  spray  pattern,  including  spray  angle  and  spray 
traversal  with  time.  The  results  indicate  that  a  nozzle  with  12  holes  of 
approximately  0.006  inches  diameter  was  suitable  for  achieving  the  objec¬ 
tives  of  good  mixing  and  good  utilization  of  the  air.  Such  a  design  produced 
a  spray  which  required  1.5  to  2.0  msecs  to  reach  the  spark  plugs  located  one 
inch  away,  or  approximately  20  crank  angle  degrees  at  a  speed  of  approxima¬ 
tely  2,000  RPM.  A  drawing  and  specification  of  the  fuel  injector  tip  is 
shown  in  Figure  5-1. 

For  the  fuel  pump,  it  was  decided  to  use  the  pump  that  comes  standard  with 
the  engine.  Attempts  to  obtain  special  research  type  fuel  injection  systems 
from  major  manufacturers  were  unsuccessful.  In  fact,  it  was  a  disappointment 
that  none  of  the  major  fuel  injector  manufacturers  were  interested  in  colla¬ 
borating  on  this  project.  This  resulted  in  some  delays  and  reconsidering  of 
approaches.  In  the  end,  as  indicated  in  Figure  5-1,  blank  nozzle  tips  were 
obtained  from  United  Technologies,  Italy,  and  these  were  successfully  laser 
drilled  at  a  local  facility.  Testing  with  a  hand-operated  fuel  injection 
pump  indicated  a  suitable  spray  pattern,  i.e.,  a  circularly  uniform  spray 
pattern  with  good  atomization.  As  is  also  indicated  in  Figure  5-1,  the  two 
holes  located  along  the  line  joining  the  spark  plugs  were  of  a  slightly 
larger  diameter,  i.e.  0.008"  diameter,  to  insure  that  slightly  more  fuel 
mixture  would  be  injected  at  the  park  plug  sites. 

Open  chamber  ignition  of  the  fuel  spray  was  not  performed  because  of  time 
limitations.  Also,  this  had  been  investigated  in  the  Phase  I  part  of  the 
contract,  where  it  was  shown  that  reliable  ignition  was  achievable  even  at 
room  temperature. 
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5.3.  Ignition  System 


The  ignition  system  used  under  this  contract  was  developed  by  CEI  which  had 
an  unusually  high  rate  of  energy  delivery  and  the  ability  to  deliver  very 
rapid  spark  pulses  in  a  single  ignition  and  combustion  duration. 


Since  the  beginning  of  the  contract,  the  CEI  ignition  went  through  a  signi¬ 
ficant  evolutionary  process,  to  the  point  that  when  the  engine  tests  were 
initiated,  the  ignition  was  near  what  is  now  deemed  to  be  its  final  stage  of 
development.  One  of  the  principal  new  features  of  the  ignition  was  the 
development  of  a  recharge  circuit  which  delivered  energy  to  the  discharge 
capacitor  between  the  very  rapidly  firing  spark  pulses  of  the  pulse  train, 
so  that  the  amplitude  of  the  spark  pulses  was  maintained  near  the  maximum 
level  throughout  the  ignition  firing  period.  A  circuit  drawing  of  the  igni¬ 
tion  is  shown  in  Figure  5-2. 


POWER  CONVERTER  .  RECHARGE  DISCHARGE  COIL 

(100  watt.  88%  efficient)  CIRCUIT  CIRCUIT 


SPARK 

GAP 


Figure  5-2,  Ignition  System  Circuit  Drawing 

Two  spark  plugs  were  used  in  the  engine,  as  is  shown  in  Figure  5-3.  They 
were  placed  symmetrically,  one  inch  from  the  centrally  located  fuel  injector. 
The  objective  was  to  initiate  combustion  at  these  two  sites  so  that  the  burn 
time  could  be  reduced  (for  a  centrally  located  fuel  injector).  However,  as 
will  be  discussed  in  Section  5.7  under  "Alternatives",  it  is  believed  that 
most  of  the  benefits  of  the  ignition  can  be  attained  by  the  careful  reposi¬ 
tioning  of  both  the  fuel  injector  and  the  spark  plug,  with  only  one  spark 
plug  per  cylinder  being  required.  The  use  of  one  spark  plug  per  cylinder  is 
clearly  advantageous  in  terms  of  simplicity  and  cost. 
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A  typical  (primary  voltage)  sequence  of  spark  pulses  ranges  between  about 
thirty  pulses  of  approximately  constant  amplitude  at  low  engine  speeds  to 
five  pulses  at  high  engine  speeds.  For  the  high  engine  speed  condition,  the 
time  duration  between  pulses  is  approximately  0.25  msecs,  resulting  in  the 
delivery  of  five  ignition  pulses  within  one  millisecond.  This  is  important 
given  that  the  fuel  spray  velocity  at  the  spark  plug  site  is  approximately 
0.5  cm  per  msec,  which  would  create  five  ignition  sites  over  a  length  of  0.5 
cm  defined  by  the  radius  of  the  spark  plug  end.  The  first  power  converter 
that  was  developed  for  this  contract  work,  designated  as  REDL3,  was  not  used, 
as  it  was  superseded  by  a  more  efficient  and  suitable  system  recently  deve¬ 
loped  by  CEI,  shown  in  circuit  form  in  Figure  5-2. 
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Figure  5-3.  Cross-section  of  Combustion  Chamber 
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5.4.  Engine  Measurement  Equipment 

Two  pieces  of  equipment  were  purchased  under  this  contract  for  the  purpose 
of  performing  the  engine  testing:  An  engine  dynamometer  with  computer  data 
acc[uisition  capability,  the  SuperFlow  SF  901,  and  equipment  for  measuring 
the  in-cylinder  combustion  processes,  the  Geneva  APA  100. 

The  SuperFlow  SF  901  is  a  complete  engine  dynamometer  test  stand  which  comes 
with  a  test  stand  for  mounting  the  engine  and  a  dial  for  varying  the  torc[ue 
provided  by  the  water  brake.  It  is  suitable  for  at  least  500  horsepower. 
As  part  of  the  contract,  a  computer  terminal  was  purchased  which  permitted 
communication  with  the  main  electronic  test  stand  to  perform  calibrations 
and  to  develop  averaging  schemes  as  part  of  the  data  acquisition. 

Standard  with  the  SuperFlow  is  the  ability  to  measure  typical  engine  para¬ 
meters  such  as  RPM,  torque,  power,  fuel  flow,  air  flow,  brake  specific  fuel 
consumption  (BSFC),  manifold  pressure,  water  temperature,  and  oil  temperature. 
A  sample  of  the  data  is  shown  in  Figure  5-4.  Considerable  work  was  performed 
to  calibrate  the  system  and  to  make  it  suitable  for  the  diesel  engine.  For 
fuel  measurements,  a  back-up  weighing  technique  had  to  be  implemented,  since 
it  was  found  that  the  pulsations  created  by  the  fuel  pump  produced  errors  in 
the  measurements  (by  the  fuel  flow  turbine).  Furthermore,  the  higher  visco¬ 
sity  of  the  diesel  fuel  affected  the  operation  of  the  fuel  flow  meter. 

A  large  air  ballast  was  fabricated  and  installed  to  dampen  the  greater  air 
fluctuations  caused  by  the  single-cylinder  engine.  The  undamped  pulsations 
gave  a  higher  apparent  air- flow  reading. 

The  APA  100  required  significant  troubleshooting  to  get  it  to  operate  to 
specification.  However,  while  this  was  an  inconvenience,  the  manufacturer 
of  the  unit  made  himself  totally  available  in  helping  eliminate  problems  in 
the  system.  In  the  end,  the  unit  was  found  to  operate  sufficiently  to  allow 
appropriate  pressure  versus  time  curves  to  be  obtained,  and  to  permit  proper 
averaging  between  cycles  of  the  various  key  parameters,  principally  peak 
pressure  and  rate  of  rise  of  pressure.  A  typical  output  data  curve  is  shown 
in  Figure  5-5.  The  heat  output  data  was  suspect,  and  it  was  determined  as 
not  essential  for  the  level  of  study  that  was  being  performed. 
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5.5.  Engine  PeBiqn 


For  the  purposes  of  this  contract  work,  a  single-cylinder,  air-cooled  diesel 
engine  was  determined  to  be  suitable.  A  study  was  conducted  of  readily 
available  commercial  single-cylinder  engines.  After  careful  evaluation,  a 
Deutz  F1L511D  engine  was  selected,  as  this  was  a  high-efficiency  engine  and 
therefore  represented  a  suitably  challenging  baseline.  The  engine  was  of 
approximately  4  inch  bore  and  stroke  with  an  approximately  50  cubic-inch 
displacement.  The  more  complete  engine  specifications  are  given  below. 


Bore/Stroke ! 
Displacement: 

CR: 

Maximum  output: 
Maximum  torque: 
Minimum  idling  speed: 
BSFC  @  maximum  torque: 
Engine  weight: 


3.94/4.13  in  (100/105  mm) 

50  cubic  inches  (0.825  Liters) 
17:1 

14  hp  @  3000  RPM 
27  ft. lbs  e  2000  RPM 
900  RPM 

0.385  Ibs/hp-hr 
242  lbs  (110  kg) 


After  some  study,  it  was  concluded  that  the  best  way  to  incorporate  the  new 
design  was  to  completely  replace  the  existing  engine  cylinder  and  cylinder 
head  but  to  retain  the  engine's  piston.  The  piston  was  modified  by  having 
the  face  appropriately  machined  to  increase  the  bowl  size  for  a  compression 
ratio  of  approximately  12  to  1  (see  Figure  5-3).  A  cast-iron  cylinder  and 
cylinder  head  were  designed  and  fabricated  to  CEI  specifications.  With  the 
exception  of  the  rocker  mounts,  all  parts  were  hand  machined.  The  cylinder 
head  was  flat  with  vertical  valves  since  the  combustion  chamber  was  contained 
entirely  inside  the  piston.  This  also  simplified  machining  of  the  parts. 

For  the  combustion  cheunber  located  Inside  the  piston,  it  was  decided  to  use 
a  high-squish  combustion  chamber  similar  to  the  existing  one  used  in  the 
engine  in  its  baseline  condition.  The  combustion  chamber,  which  took  the 
form  of  a  bowl-in-piston,  was  designed  such  that  the  two  spark  plugs  closely 
defined  the  outer  edges  of  the  bowl.  The  fuel  injector  was  designed  with  a 
150  degree  included  angle  so  that  the  fuel  spray  would  move  mainly  against 
the  air  flow  created  by  the  squish  to  promote  mixing  of  the  air  and  fuel. 
This  angle  was  also  chosen  so  that  injected  fuel  would  reach  the  spark  plug 
sites  for  ignition. 
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5.6.  Engine  Testing  and  Results 

The  engine  was  mounted  on  the  SuperFlow  computerized  engine  dynamometer  for 
testing.  Special  mounts  were  made  for  the  engine  because  of  its  high  level 
of  vibration.  The  mounts  were  made  of  four-inch  square  cross-section  alumi¬ 
num  stock  and  were  found  to  perform  satisfactorily.  In  addition,  the  entire 
frame  of  the  dynamometer  was  anchored  to  the  floor  by  means  of  large  blocks 
of  wood  spanning  its  width  and  shock-mounted  to  the  floor  through  heavy  duty 
machinery  rubber  mounts.  These  modifications  were  found  to  be  sufficient  to 
handle  the  engine.  For  pressure  measurement,  a  water-cooled  standard  piezo- 
tronics  pressure  transducer  was  used,  which  was  mounted  in  the  cylinder  head. 

Initial  tests  were  conducted  to  calibrate  air  flow  and  fuel  flow.  During 
these  tests,  it  was  discovered  that  the  fuel-flow  meter  would  not  give  reli¬ 
able  data  because  of  pulsations  in  the  fuel  line  and  the  high  viscosity  of 
the  fuel,  which  was  standard  diesel  fuel  available  at  local  gas  stations. 
Therefore,  a  back-up  weighing  technique  was  devised  so  that  when  actual  data 
was  being  taken,  fuel  consumption  for  a  precise  period  of  time  was  determined  by  w 
the  time  measurement. 

Measurements  were  made  at  four  engine  speeds:  1500,  2000,  2500,  and  2800  RPH. 

For  each  engine  speed  three  load  settings  were  taken:  10  ft.  lbs,  20  ft.  lbs, 
and  a  maximum  load  which  was  typically  27  ft  lbs.  Measurements  included 
printing  of  the  complete  data  provided  by  the  SuperFlow  engine  dynamometer 
computer  (Figure  5-4),  with  the  fuel  flow  being  measured  independently  via 
the  weighing  technique.  This  permitted  evaluation  of  BSFC,  for  each  point. 

In  addition,  the  APA  100  was  operated  at  each  point  to  provide  peak  pressure 
and  maximum  rate  of  rise  of  pressure  at  each  point  (see  Figure  5-5  for 
sample  data) . 

Summaries  of  the  baseline  data  are  shown  for  the  three  torque  conditions  in 
Figures  5-6,  5-7,  5-8.  The  same  figures  show  the  data  that  were  taken  later 
with  the  engine  in  its  final  redesigned  form. 
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At  10  foot  lbs  BSFC  was  approximately  0.6  Ibs/hp-hr  over  the  entire  speed 
range  of  1500  RPM  to  2800  RPM.  At  20  ft  lbs,  BSFC  ranged  from  about  0.42  to 
0.48  Ibs/hp-hr,  increasing  approximately  linearly  with  speed.  At  maximum 
load,  BSFC  was  between  0.41  and  0.42,  similar  to  the  20  ft  lbs  case,  and  was 
constant  for  speeds  in  excess  of  2000  RPM,  rising  somewhat  at  the  higher 
speeds  to  a  maximum  BSFC  0.44  Ibs/hp-hr  at  2800  RPM.  The  torque  peaked  at 
between  2000  and  2500  RPM  at  between  26  and  27  ft.  lbs.  The  data  from  the 
SuperFlow  and  the  APA  100  (for  the  baseline  engine)  are  shown  in  Appendix  B. 

After  completion  of  the  baseline  tests,  the  engine  was  disassembled  down  to 
the  crankcase  and  the  new  piston  and  cylinder  heads  installed.  A  cross 
section  of  the  combustion  chamber,  as  defined  by  the  piston  and  shown  with 
respect  to  the  centrally  located  fuel  injector,  is  shown  in  Figure  5-3.  The 
dimensions  of  the  bowl  in  the  piston  were  selected  to  given  a  compression 
ratio  of  approximately  12  to  1. 

Initial  attempts  to  operate  the  engine  with  a  lower  compression  ratio  of  10 
to  1  and  a  lip  at  the  perimeter  of  the  cylinder  bowl  were  unsuccessful  with 
the  engine  producing  insufficient  power  at  the  higher  loads  and  the  perimeter 
lip  interfering  with  the  fuel  spray.  Hence,  the  selection  was  made  for  a 
higher  compression  ratio  of  between  11  and  12  to  1,  and  a  modified,  simpler 
shaped  bowl-in-piston  combustion  chamber,  shown  in  Figure  5-3.  As  with  the 
base  engine,  the  water-cooled  pressure  transducer  was  used  and  installed  in 
the  cylinder  head.  One  of  CEI's  latest  prototype  ignitions  was  used. 

It  was  found  that  at  room  temperatures  without  the  aid  of  the  ignition,  the 
engine  would  not  start  at  the  12  to  1  compression  ratio.  With  the  aid  of 
the  ignition,  with  either  one  or  two  plugs,  the  engine  would  start  immedia¬ 
tely  and  operate  until  sufficiently  warm,  when  the  ignition  could  be  either 
turned  off  or  kept  on.  A  run  of  data  was  taken  at  very  light  load  during 
the  starting  and  warm-up  stage  with  the  ignition  consecutively  turned  on  and 
off  and  the  APA  100  in  the  data-acquiring  mode  to  determine  the  differences 
in  peak  pressure.  The  results  of  this  test  are  summarized  in  Figure  5-9,  in 
terms  of  peak  pressure  versus  time  elapsed  from  engine  start-up  for  the  two 
cases  with  and  without  ignition  assist.  The  actual  data  is  given  in  Appendix 
C. 
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As  can  be  seen,  the  use  of  the  ignition  produced  a  substantially  higher  peak 
pressure  for  the  first  ten  minutes  of  operation,  which  is  desirable  under  the 
conditions  of  cold  start,  versus  the  conditions  with  the  engine  hot  at  high 
load  where  a  lower  peak  pressure  and  lower  rate  of  rise  of  pressure  is 
desirable. 

The  engine  was  then  run  under  the  same  conditions  as  the  baseline  at  10  and 
20  ft.  lbs  and  at  full  load  at  the  four  RPM  conditions  of  1500,  2000,  2500, 
and  2800  RPM.  Once  the  engine  was  hot,  selective  data  was  taken  with  and 
without  the  ignition.  The  differences  between  the  two  cases  were  found  to  be 
small,  while  the  differences  with  respect  to  the  baseline  engine  were  larger. 
Actual  data  of  BSFC  versus  RPM  are  given  for  the  modified  engine  in  Figures 
5-6,  5-7,  5-8,  alongside  the  baseline  data. 

Plots  of  the  maximum  pressure  and  the  maximum  rate  of  rise  of  pressure  for 
the  three  torque  conditions  are  shown  in  Figures  5-10  through  5-15.  The 
differences  between  the  modified  and  baseline  engine  are  remarkable,  with 
the  modified  engine  exhibiting,  under  practically  all  operating  conditions, 
a  peak  pressure  and  peak  rate-of-rise-of-pressure  about  one  half  that  of  the 
baseline  engine.  Given  that  the  modified  engine  operated  at  comparable 
efficiency  to  the  baseline  engine,  this  data  represents  the  achievement  of 
one  of  the  principle  goals  of  this  contract  work.  The  actual  data  is  given 
in  Appendix  D. 
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5.7.  Conclusions  and  Alternatives 


From  inspection  of  the  data,  one  can  draw  several  conclusions  relating  to 
the  use  of  ignition  in  the  modified  engine  relative  to  the  baseline  engine. 
The  key  conclusions  are  enumerated  below: 

1)  The  modified  engine  operates  at  similar  efficiency  and  slightly  lower 
peak  output  power  as  the  baseline  engine  through  the  use  of  the  ignition. 
This  is  an  important  result  when  one  bears  in  mind  that  the  engine  compres¬ 
sion  ratio  was  a  full  5  compression  ratios  lower,  i.e.  approximately  12  to  1 
versus  17  to  1  compression  ratio.  This  means  that,  in  principle,  one  can 
have  a  significantly  lighter  engine  (because  of  the  reduced  compression 
ratio),  and  significantly  lower  heat  transfer  to  the  walls.  Furthermore, 
from  an  exhaust  emission  perspective,  one  would  expect  somewhat  lower  NOX 
emissions  because  of  the  lower  peak  pressures  and  temperatures  at  lower 
compression  ratios. 

2 )  This  engine  was  operated  without  swirl  and  yet  had  approximately  the 
same  characteristics  as  the  baseline  engine.  It  can  therefore  be  concluded 
that  it  would  have  significantly  lower  heat  transfer  losses  because  of  the 
low  swirl.  This  has  a  particular  benefit  of  allowing  the  engine  to  operate 
with  miminal  air  cooling,  versus  continuous  forced  air-cooling  or  water 
cooling,  which  is  undesirable  from  the  military  application  perspective. 

3)  At  light  loads,  the  efficiency  of  the  modified  engine  was  found  to 
be  significantly  higher  than  the  baseline  engine.  The  reasons  for  this  are 
not  totally  clear,  since  improved  ignition  probably  should  not  have  such  a 
large  effect.  The  differences  may  be  attributed,  in  part,  to  the  lighter 
air-cooling  requirements  of  the  engine  under  light-load  conditions  in  its 
modified  form,  versus  in  the  baseline  form,  where  an  approximately  constant 
amount  of  forced  air  cooling  was  provided  at  all  load  conditions  (for  given 
engine  speed). 

The  cooling  air-blower,  item  39,  Figure  5-16,  manufacturer's  drawing  of  the 
engine,  was  removed  and  replaced  by  a  small  electric  fan  which  was  turned  on 
when  the  engine  had  reached  operating  temperature.  In  addition,  cooling  was 
provided  by  the  high  temperature  synthetic  oil  which  was  used  in  the  engine, 
although  no  data  was  taken  to  evaluate  this. 
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Discussions  with  a  technical  manufacturer's  representative  indicate  that  the 
cooling  air  blower  (item  39)  would  absorb  approximately  1/2  horsepower  at  an 
engine  speed  of  1500  RPM,  which  would  account  for  approximately  one  half  of 
the  difference  in  efficiency  found  at  the  10  ft  lb,  1500  RPM  (and  2000  RPM) 
case  shown  in  Figure  5-6. 

4)  The  modified  engine  exhibited  approximately  half  the  peak  pressure 
and  half  the  rate-of-rise-of-pressure  under  the  conditions  tested,  excepting 
for  the  case  of  cold  start  where  the  modified  engine  in  its  spark-ignited 
form  provided  a  higher  peak  pressure  than  without  ignition,  as  is  desired. 

5)  The  modified  engine  provided  instant  cold  start,  as  desired. 

In  the  "Recommendations"  section.  Section  4.0,  it  was  stated  that  should  it 
be  desirable  to  use  the  current  approach  of  electrically  igniting  the  spray 
in  a  diesel  engine,  then  certain  precautions  should  be  taken,  including 
taking  into  account  the  design  recommendations  enumerated  below  to  optimize 
the  chances  of  success.  The  principle  concern,  as  already  stated,  is  spark 
plug  fouling  by  the  fuel  spray  and  the  high  pressure  the  ignition  has  to 
operate  under. 

In  Figures  5-17  and  5-18,  two  approaches  are  shown  which  make  use  of  the 
principles  of  ignition  described  in  this  report  for  the  case  of  a  conven¬ 
tional  four-stroke  diesel  engine  (Figure  5-17)  and  a  two-stroke  engine 
(Figure  5-18),  which  is  recommended  for  this  application.  In  both  cases, 
certain  design  principles  are  followed,  which  are  enumerated  below: 

1.  The  spark  plugs  should  have  extended  insulators  to  reduce  the  chance 
of  plug  fouling  due  to  the  insulator  becoming  coated  with  fuel  and/or  carbon. 

2 .  The  spark  plugs  are  preferably  located  near  the  region  of  high  squish 
which  aids  the  cleaning  of  the  plug.  However,  as  shown  in  these  figures, 
the  cleaning  action  would  be  restricted  to  principally  one  side  of  the  plug. 

3.  The  spark  plug  should  be  located  far  away  from  the  fuel  injector, 
approximately  1.5  inches  in  the  cases  shown  here,  for  a  combustion  chamber 
with  a  bore  size  of  approximately  4  inches.  This  has  the  following  desirable 
characteristics : 
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a.  The  spray  will  have  entrained  significant  air  and  become  relatively 
homogeneous  by  the  time  it  traverses  the  approximate  1.5  inch  length 
to  reach  the  spark  plug  site. 

b.  The  spray  velocity  will  have  approached  close  to  zero  near  the  spark 
plug  site,  especially  upon  encountering  the  oppositely  directed  air 
squish  created  by  the  small  piston-head  near  the  spark  plug. 

4.  The  spark  plugs  should  not  have  a  ground,  or  "Jay"  electrode,  and 
should  form  the  spark  to  appropriate  protrusions  on  the  piston.  This  permits 
the  use  of  a  larger  spark  gap  under  most  operating  conditions  where  ignition 
may  occur  20  to  40  degrees  BTDC.  This  is  especially  helpful  at  high  engine 
speeds  where  a  stronger  ignition  is  provided  through  a  larger  gap  provided 
by  the  earlier  firing  of  the  plug. 

5.  The  sparking  protrusions  on  the  piston,  which  are  preferably  composed 
of  erosion-resistant  material  such  as  tungsten-nickel-iron,  will  tend  to  run 
hotter  than  the  other  parts  of  the  combustion  chamber  and,  therefore,  further 
aid  in  the  ignition  process  by  supplementing  heat  energy  to  the  spark  energy. 

6.  Finally,  it  should  be  appreciated  that  by  placing  the  spark  plug  tip 
in  a  region  where  the  squish  fields  and  fuel  spray  collide  will  produce  high 
microscale  turbulance,  which  is  helpful  in  producing  strong  flame  initiation. 

With  respect  to  Figure  5-17,  it  should  be  understood  that  what  is  being 
proposed  here  is  "a  way"  of  implementing  the  above  recommendations  in  a  four 
stroke  diesel  engine  design.  There  are  numerous  variations  to  this  design, 
which  depend  in  part  on  where  one  wants  to  locate  the  combustion  chamber  and 
the  fuel  injector. 

Figure  5-18  depicts  a  cross  scavenged  two-stroke  engine  which  is  particularly 
well  suited  for  using  the  design  recommendations.  The  edge  of  the  deflector 
section  of  the  piston  provides  an  edge  suitable  for  firing  the  spark  to,  and 
for  achieving  a  large  spark  gap. 
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Figure  5-16.  Manufacturer's  Drawing  of  Deutz  Test  Engine 
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FUEL  INJECTOR  DESIGN  EFFORT 


Summary 

The  design  of  the  fuel  Injector  for  the  electrically  Ignited  quiescent 
open  chamber  combustion  process  should  meet,  as  closely  as  possible,  several 
goals  according  to  our  current  thinking. 

The  first  goal  is  to  mix  the  fuel  and  air  using  the  energy  in  the  fuel 
spray,  since  swirl  and  squish  have  been  minimized  to  reduce  heat  transfer 
losses.  To  obtain  this  result  it  appears  that  the  number  of  holes  in  the 
injector  should  be  maximized  since  the  Abramovltch  jet  mixing  theory  (to  be 
briefly  discussed  later)  indicates  that  there  is  no  practical  control  of  the 
cone  angle  of  the  spray  for  multi  hole  nozzles. 

The  second  goal  is  to  avoid  liquid  fuel  impingement  on  the  cylinder 
wall  or  ceramic  insert  since  fuel  impingment  on  the  wall  could  lead  to  loss 
of  fuel  into  the  lubricating  system.  Thus  the  traversal  time  from  the 
injector  to  the  cylinder  wall  should  be  large  enough  for  the  fuel  of  the 
expected  droplet  size  to  completely  vaporize.  The  quiescent  non  swirl 
combustion  chamber  design  tends  to  minimize  the  travel  time,  since  the  fuel 
travels  straight  to  the  wall  and  not  in  a  longer  spiral  path. 

TJie  third  goal  involves  placing  a  combustible  mixture  at  the  ignitors 
at  tlie  proper  time  for  ignition,  preferably  using  the  fuel  injector  cam  and 
pump  supplied  with  the  engines.  We  currently  think  that  not  all  of  the  fuel 
should  be  injected  before  ignition  to  minimize  the  rapid  rate  of  pressure 
rise  that  could  occur  if  a  significant  fraction  of  the  mixture  were  to  auto 
■ignite  (knock).  For  testing  and  evaluation  purposes  we  would  like  to  have 
the  flexibility  of  having  some  combustible  mixture  arrive  at  the  ignitor  at 
say  30  degrees  BTDC  so  that  the  effect  of  timing  advance  can  be  evaluated. 
Since  our  current  fuel  injection  system  is  expected  to  start  injection  at  24 
degrees  BTDC,  little  time  is  available  for  fuel  travel  and  mixing  (relative 
to  TDC) .  More  advance  may  be  desirable  to  provide  more  time  for  miking  and 
evaporation.  If  the  combustion  process  works  like  a  W.O.T.  gasoline  engine, 
less  advance  will  be  needed  -  probably  about  15  degrees  at  2,000  RPM,  which 
would  correspond  to  an  injection  timing  of  about  30  degrees  BTDC. 

With  these  initial  goals  established,  we  next  attempted  to  learn  about 
the  state  of  the  art  in  injector  capabilities  and  analytical  predictive 
techniques,  by  questioning  local  suppliers,  manufacturers,  two  consultants, 
and  reviewing  recent  SAE  literature.  We  also  measured  some  of  the  charac¬ 
teristics  of  the  fuel  injection  system  supplied  with  the  single  cylinder 
Deutz  engine,  such  as  the  cam  profile,  full  rack  and  partial  rack  injected 
..volume,  and  line  pressure  vs  speed  and  rack  setting.  With  this  data  and  a 
theoretical  model  we  evaluated  several  design  parameters  and  developed  a 
"first"  injector  design. 
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Determination  of  Deutz  Engine  Fuel  Injection  System  Parameters 

The  first  project  was  to  measure  the  cam  follower-plunger  lift  profile. 
A  gear  driven  auxiliary  drive  pulley  was  accurately  marked  in  five  degree 
increments  and  the  plunger  lift  position  was  measured  to  the  nearest  .001 
inch  using  a  dial  Indicator.  From  these  measurements  we  estimate  that 
injection  could  in  principle  start  as  early  as  approximately  50  degrees 
BlDC  and  could  end  at  10  degrees  ATDC.  The  manual  indicates  that  the  injec¬ 
tion  starts  at  24  degrees  BTDC.  We  still  need  to  learn  why  this  time  is  so 
retarded  from  the  apparent  potential  starting  point  of  50  degrees  BTDC  and 
whether  we  can  obtain  some  advance  by  modifying  the  pump. 

The  next  tests  were  conducted  by  Boston  Fuel  Injection  Company.  They 
determined  the  peak  line  pressure  and  amount  of  fuel  injected  at  each  of 
four  speeds  and  four  rack  settings.  The  delivery  at  the  maximum  rack  setting 
was  much  less  than  the  swept  volume  of  the  plunger  minus  the  retraction 
volume,  which  was  equal  to  about  ten  times  the  injected  volume. 

An  estimate  of  the  volume  of  fuel  delivered  per  revolution  for  the 
standard  engine  was  made  using  the  rated  power  of  17.5  Hp  and  the  BSFC  of 
0.41  Ibs/hp-hr.  This  required  a  delivery  of  .040  cc/rev.  assuming  a  fuel 
specific  gravity  of  0.9.  This  corresponded  to  a  volume  much  closer  to  the 
measured  volume  than  the  swept  volume. 

Discussions  with  Deutz  confirmed  that  the  fuel  injection  system  was 
designed  to  start  Injection  at  24  degrees  BTDC  and  to  Inject  a  maximum  of  44 
cc/1000  revolutions.  This  confirmation  of  engine  based  fuel  delivery  esti¬ 
mates  leaves  us  currently  without  an  understanding  of  how  to  optimally 
redesign  the  fuel  system  without  further  knowledge.  For  example  the  dis¬ 
placement  rate  of  the  Injector  plunger  would  deliver  the  maximum  amount  of 
fuel  in  10  crankshaft  degrees  if  no  compliance  existed  in  the  piping  and 
injector.  We  may  set  up  a  simple  test  fixture  to  suspend  the  fuel  Injector 
so  it  will  spray  an  absorbent  disc  attached  to  the  engine  shaft  to  determine 
the  duration  of  injection.  This  will  Improve  our  ability  to  design  the 
nozzle  hole  size  and  pick  the  number  of  holes. 

As  a  further  attempt  to  understand  the  fuel  injection  process,  we 
plotted  the  pressure  vs  delivery  rate  and  found  that  the  pressure  varied 
linearly,  not  quadratlcally  with  speed,  as  would  be  predicted  for  normal 
orifice  flow.  Also  the  dynamic  pressure  computed  for  our  smallest  orifice, 
12  hole  design  is  only  862  psl  for  2000  engine  RPM,  while  line  pressures 
over  4000  psi  were  measured  using  the  standard,  four  hole  (of  unknown  diame¬ 
ter)  nozzle.  Thus  we  will  not  attempt  to  determine  the  source  of  the  line 
pressure  during  our  current  effort.  Nor  will  we  attempt  to  predict  absolute 
values  of  injection  timing  or  jet  velocities,  unless  we  are  able  to  obtain 
additional  Information  from  Bosch  or  United  Technologies. 
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Fuel  Jet  Model  Assumptions 


Based  on  the  analytical  results  of  the  Rife  jet  velocity  prediction 
equations,  we  are  able  to  compare  fuel  Injector  designs  of  different  hole 
size  and  number  of  holes.  The  analysis  is  based  on  the  model  that  assumes 
that  air  is  entrained  into,  the  jet  in  a  manner  which  conserves  linear  momen¬ 
tum.  Thus  as  the  distance  along  the  path  from  the  nozzle  hole  increases,  the 
jet  velocity  decreases  since  more  mass  (entrained  air)  is  Included  in  the 
jet.  The  result  is  that  the  diameter  of  the  jet  becomes  a  linear  function 
of  distance  from  the  so  called  "pole"  position,  the  position  from  which  the 
jet  appears  to  diverge  (with  infinite  speed)  and  minimum  (fuel)  mass.  The 
entrainment  parameter  is  the  sole  determinant  of  the  cone  angle  of  the  jet 
for  a  given  fuel  to  compressed  air  density  ratio!  Neither  changes  in  hole 
size  nor  fuel  velocity  have  any  effect  on  the  predicted  cone  angle.  They  do 
have  a  small  effect  on  the  distance  from  the  fuel  injector  to  the  pole 
position  but  over  the  range  of  interest  in  this  project  that  distance  is 
predicted  to  change  by  only  a  maximum  of  0.1". 

Predicted  Results 

Since  we  have  no  means  to  effect  the  entrainment  factor  for  quiescent 
non  swirl  flow,  our  only  means  to  improve  the  fuel  distribution  process 
appears  to  he  to  Increase  the  number  of  holes  in  the  fuel  Injector  nozzle. 
For  a  given  hole  diameter,  the  predicted  velocity  is  inversely  proportional 
to  the  number  of  holes.  If  compressibility  effects  are  important  (not  consi¬ 
dered  here)  then  a  lower  dependence  on  the  number  of  holes  would  be  expected. 

Although  the  cone  angle  of  the  nozzle  sprays  is  predicted  to  be  inva¬ 
riant,  the  distance  for  a  given  loss  of  velocity  ratio  relative  to  the 
computed  nozzle  speed  is  directly  proportional  to  the  jet  diameter.  Thus 
smaller  diameter  jets  slow  down  more  rapidly  than  larger  ones.  This  pheno¬ 
menon  led  to  an  interesting  result  for  the  time  for  the  jet  to  reach  the 
ignitor  location  one  inch  from  the  center  of  the  cylinder.  For  a  design  of 
12  holes  of  0.0035"  diameter  relative  to  a  design  of  6  holes  of  0.007" 
diameter,  we  found  that  while  the  initial  speed  of  the  .0035"  diameter  hole 
jets  was  twice  that  for  the  larger  hole  nozzle,  (four  times  the  area  but 
half  the  number  of  holes),  the  greater  rate  of  decrease  of  velocity  with 
distance  for  the  smaller  jets  led  to  the  predicted  results  that  both  jets 
arrive  at  the  ignitor  at  practically  the  same  time. 

We  can  summarize  results  for  time  to  distance  predictions  for  dimen¬ 
sions  similar  to  the  cylinder  radius  by  the  following  rules  of  thumb. 

1.  Time  to  distance  is  inversely  proportional  to  the  product  of  nozzle 
flow  speed  times  hole  diameter. 

2.  For  a  given  plunger  diameter  and  cam  profile,  time  to  distance  is 
proportional  to  the  number  of  holes  of  a  given  diameter  or  inversely 
proportional  to  diameter  for  a  given  number  of  holes. 

Figure  1  shows  the  computed  time  vs.  distance  predictions  for  several 
hole  sizes  and  number  of  holes  which  bound  the  range  of  expected  designs. 
The  time  vs.  distance  calculations  were  made  on  the  basis  of  the  velocity 
between  computed  velocity  intervals  predicted  by  the  Rife  Equations  being 
assumed  to  be  the  geometric  mean  of  the  two  end  point  velocities.  This  is  a 
reasonable  approximation  for  the  present  purposes. 
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Our  current  research  on  drilling  holes  for  the  nozzle  tips  Indicates 
that  holes  of  0.007  inch  appear  to  be  readily  available.  One  vendor  believes 
that  0.005  inch  holes  are  possible  by  diamond  drilling  unhardened  nozzle 
bodies.  We  have  not  yet  determined  if  laser  drilling  or  ultrasonic  machining 
can  produce  smaller  holes.  Thus  our  present  first  designs  are  for  10  to  12 
holes  of  0.005"  diameter  if  available,  or  10  holes  of  .007"  diameter.  An 
analysis  of  the  12  hole,  0.005"  hole  diameter  case  is  Included  (Figure  3) 
along  with  some  other  cases. 

The  travel  times  to  the  Injector  for  the  first  part  of  the  jet  on  the 
centerline  for  these  nozzle  designs  are  predicted  to  be  on  the  order  of  15 
to  20  crankshaft  degrees  for  the  2000  RPM  condition  we  modelled.  Thus  the 
start  of  injection  will  need  to  be  earlier  than  the  present  24  degrees  if  we 
desire  to  start  the  Ignition  process  at  20  to  30  degrees  BTDC  which  is 
typical  of  normal  spark  Ignition  timing. 

The  time  for  other  than  the  centerline  of  the  jet  to  reach  the  one  inch 
distance  is  even  larger  than  the  above  calculated  times.  Thus  we  are  consi¬ 
dering  ways  to  change  the  start  of  injection  by  about  20  to  25  degrees.  We 
are  considering  obtaining  another  cam  and  mounting  it  onto  the  cam  shaft  at 
the  appropriate  timing. 

The  actual  fuel  injector  we  expect  to  use  is  one  manufactured  by  United 
Technologies.  It  has  a  larger  body  than  the  pencil  nozzle  made  by  Stanadyne, 
but  individual  nozzle  tips  are  available  for  it,  and  we  expect  to  be  able  to 
get  these  tips  machined  to  our  specifications  locally.  We  can  accomodate 
the  larger  17mm  body  within  our  current  cylinder  head  design  without  signi¬ 
ficant  compromise.  Stanadyne  was  not  willing  to  cooperate  with  us  at  this 
time  because  of  too  large  a  backlog. 
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NOZZLE  SCALING  CALCULATIONS 
I7-Apr-86 


Supperl  Dc)  fui  ^  .  Pvpj .  "t±  6 


ENGINE: 


Bore:  (in) 

3.94 

Disp.  Vol.: 

50.4 

Stroke:  (in) 

4.13 

(ln’3) 

Speed:  (rpm) 

2000 

Comp.  Ratio: 

11 

Clearance: 

5.04 

PUMP: 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3 

0.913 

Stroke;  (mm) 

7 

!sp.  gravity 

Retract;  (mm’ 3) 

35 

InJ.  Mass:  (mg) 

250.4 

Rohsenow  &  Choi 

NOZZLE; 

Hole  Size:  (in) 

0.007 

Hole  Area: 

3.85E-05 

Number : 

12 

Total : 

4.62E-04 

Coefficient; 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees  (TDC  =  0) 


Start;  (deg.) 

-50 

Duration: 

60 

End:  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg.) 

0.35 

Rate:  (mg/deg.) 

4.17 

Rate;  (g/sec) 

417 

Rate:  (g/sec) 

5004 

Velocity:  (m/sec) 

30.7 

!RCM  was  122 

m/sec 

(JMR) 

INLET; 

Vol.  Efflc.; 

0.95 

Polytropic ; 

1.3 

Air  at  TDC: 

Inlet  Press.: 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density;  1. 

14E-03 

Density  Ratio: 

11 

TDC  Density: 

1.26E-02 

COMBUSTION  CHAMBER 

:  Jet  Mixing 

Density  Ratio: 

72.7 

Jet  Vel.; 

30.7 

FI 

Gr.  Z 

Radius: 

0.0035 

Entrain:  (axial) 

0.11 

JET  CALCULATION 

Pole : 

0.219 

No  Crossflow 

Rel  Vel,  Vf/Vi; 

0.9  0.7 

0.6  0.5 

0.4 

0.3 

■  0.2  0.1 

0.05 

Velocity  m/sec; 

28  21 

18  15 

12 

9 

6  3 

2 

Mass  Ratio; 

9  2.33 

1.5  1 

0.67 

0.43 

0.25  0.11 

0.05 

Alr/Fuel; 

0.111  0.429 

0.667  1 

1.493 

2.326 

4  9.091 

20 

Mean  Radius* 

2.996  6.672 

8.988  12.058 

16.511 

23.779 

38.131  80.889 

166.211 

Radius,'  inches:  0 

.01000  0.02300 

0.03100  0.04200 

0.05800 

0.08300 

0.13300  0.28300 

0.58200 

Mean  Distance: 

19.13  40.68 

53.4  69.65 

,  92.42 

128.45 

197.62  398.28 

792.17 

Distance,  in. :  0 

.29000  0.36000  0.41000  0.46000 

0.54000 

0.67000 

0.91000  1.61000 

2.99000 

Time  msec:  0.: 

251236  0.32456 

0.38988  0.46717 

0.618628 

0.93636 

1.76592  5.95671 

20. 2666 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 

SuppC2:( 

DuI  d  j 

•  iipf .  Tt  ‘0 

ENGINE: 

Bore:  (in) 

3.94 

Disp.  Vol. : 

50.4 

Stroke:  (in) 

4.13 

(in'‘3) 

Speed:  (rpm) 

2000 

5.04 

Comp.  Ratio; 

11 

Cleairance: 

riIMP: 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3 

0.913 

Stroke:  (mm) 

7 

!sp.  gravity 

Retract:  (mm’ 3) 

35 

Inj.  Mass:  (mg) 

250.4 

Rohsenow  &  Choi 

NOZZLE: 

Hole  Size:  (in) 

0.005 

Hole  Area: 

1.96E-05 

Number : 

12 

Total: 

2.36E-04 

Coefficient: 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees  (TDC  =  0) 

Start:  (deg.) 

-50 

Duration: 

60 

End;  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg.) 

0.35 

Rate:  (mg/deg.) 

4.17 

Rate:  (g/sec) 

417 

Rate:  (g/sec) 

5004 

Velocity:  (m/sec) 

60.1 

!RCM  was  122 
m/sec  (JMR) 

INLET; 

Vol.  Effic.: 

0.95 

Poly  tropic. : 

1.3 

Air  at  TDC: 

Inlet  Press. : 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density:  1 

. 14E-03 

Density  Ratio: 

11 

TDC  Density: 

1.26E-02 

COMBUSTION  CHAMBER:  Jet 

Mixing 

FI  &.3 

Density  Ratio: 

72.7 

Jet  Vel. : 

60.1 

Radius: 

0.0025 

Entrain;  (axial) 

0.11 

JET  CALCULATION  . 

.  Pole; 

0.156 

No  Crossflow 

Rel  Vel,  Vf/Vl: 

0.9 

0.7 

0.6  0.5 

0.4 

0.3  ■  0.2 

0.1 

0.05 

Velocity  m/sec: 

54 

42 

36  30 

24 

18  12 

6 

3 

Mass  Ratio: 

9 

2.33 

1.5  1 

0.67 

0.43  0.25 

0.11 

0.05 

Air/Fuel; 

0.111 

0.429 

0.667  1 

1.493 

2.326  4 

9.091 

20 

Mean  Radius: 

2.996 

6.672 

8.988  12.058 

16.511 

23.779  38.131 

80.889 

166.211 

Radius,  inches: 

0.00700 

0.01700  0.02200  0.03000 

0.04100  0.05900  0.09500  0 

. 20200 

0.41600 

Mean  Distance: 

19.13 

40.68 

53.4  69.65 

92.42 

128.45  197.62 

398.28 

792.17 

Distance,  in.: 

0.20000 

0.26000  0.29000  0.33000 

0.39000  0.48000  0.65000  1 

.15000  2.14000 

Time  msec:  0.089172 

0.12117 

0,14076  0.17168  0.228481 

0.33846  0.63226  2 

.12897  8.05594 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 


ENGINE: 


Bore:  (in) 

3.94 

Disp.  Vol.! 

50.4 

Stroke:  (in) 

4.13 

(in*3) 

Speed:  (rpm) 

2000 

Comp.  Ratio: 

11 

Clearance: 

5.04 

PUMP: 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3  0.913 

Stroke:  (mm) 

7 

!sp.  gravity 

Retract:  (mm’3) 

35 

Inj.  Mass:  (mg) 

250.4  Rohsenow  &  Choi 

NOZZLE: 

Mole  Size:  (in) 

0.0035 

Hole  Area: 

9.62E-06 

Number : 

12 

Total : 

1.15E-04 

Coefficient: 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees  (TDC  =  0) 


Start:  (deg.)  -50 

End:  (deg.)  10 

Single  Flole: 

Rate:  (mg/deg.)  0.35 

Rate:  (g/sec)  417 

Velocity:  (m/sec)  122.6 


Duration:  60 


Nozzle: 

Rate:  (mg/deg.)  4.17 

Rate:  (g/sec)  5004 


INLET: 

Vol.  Effic.: 


!RCM  was  122 
m/sec  (JMR) 


0.95 


Poly tropic : 

1.3 

Air  at  TDC: 

Inlet  Press.: 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density: 

1 . 14E-03 

Density  Ratio: 

11 

TDC  Density: 

1.26E-02 

COMBUSTION  CHAMBER:  Jet  Mixing 

FIG 

j  1 

Density  Ratio: 

72.7 

.  \ 

Jet  Vel. : 

122.6 

Radius: 

0.00175 

Entrain:  (axial) 

0.11 

JET  CALCULATION 

Pole: 

0.109 

No  Crossflow 

Rel  Vel,  Vf/Vi: 

0.9 

0.7 

0.6  0.5 

0.4 

0.3 

■  0.2 

0.1 

0.05 

Velocity  m/sec: 

no 

86 

74  61 

49 

37 

25 

12 

6 

Mass  Ratio: 

9 

2.33 

1.5  1 

0.67 

0.43 

0.25 

0.11 

0.05 

Air/Fuel : 

0.111 

0.429 

0.667  1 

1.493 

2.326 

4 

9.091 

20 

Mean  Radius: 

2.996 

6.672 

8.988  12.058 

:  16.511 

23.779 

38.131 

80.889 

166.211 

Radius,  Inches: 

0.00500 

0.01200 

0.01600  0.02100 

0.02900 

0.04200 

0.06700 

0. 14200 

0.29100 

Mean  Distance: 

19.13 

40.68 

53.4  69.65 

92.42 

128.45 

197.62 

398.28 

792.17 

Distance,  in. : 

0.14000 

0. 18000 

0.20000  0.23000 

0.27000 

0.33000 

0.45000 

0.81000 

1.50000 

Time  msec:  I 

3.030621 

0.04106 

0.04743  0.05877 

0.077360 

0.11315 

0.21336  0.74129 

2.80675 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 


ENGINE: 


Bore:  (in) 

3.94 

Disp.  Vol.: 

50.4 

Stroke:  (in) 

4.13 

(ln’3) 

Speed:  (rpm) 

2000 

Comp.  Ratio: 

11 

Clearance: 

/  5.04 

/ 

PUMP: 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3 

Stroke:  (mm) 

7 

Retract:  (mm ''3) 

35 

Inj.  Mass:  (mg) 

250.4 

NOZZLE: 

Hole  Size:  (in) 

0.0035 

Hole  Area: 

9.62E-06 

Number : 

6 

Total: 

5.77E-05 

Coefficient : 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees  (TDC  =  0) 


Start :  (deg. ) 

-50 

Duration: 

60 

End:  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg.) 

0.7 

Rate:  (mg/deg.) 

4.17 

Rate:  (g/sec) 

835 

Rate:  (g/sec) 

5010 

Velocity:  (m/sec) 

245.6 

INLET: 

Vol.  Effic.: 

0.95 

Poly tropic: 

1.3 

Air  at  TDC: 

Inlet  Press. : 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density:  1. 

14E-03 

Density  Ratio: 

11 

TDC  Density: 

1.26E-02 

0.913 

!sp.  gravity 
Rohsenow  &  Choi 


!RCM  was  122 
m/sec  (JMR) 


COMBUSTION  CHAMBER:  Jet  Mixing 


Density  Ratio:  72.7 

Jet  Vel.:  245.6 

Radius:  0.00175 

Entrain:  (axial)  0.11 

JET  CALCULATION 

Pole:  0.109 

No  Crossflow 


JET  CALCULATION 

Pole:  0.109 

No  Crossflow 


Rel  Vel,  Vf/Vi: 

0.9 

0.7 

0.6 

0.5 

0.4 

0.3 

-  0.2 

0.1 

0.05 

Velocity  m/sec: 

221 

172 

147 

123 

98 

74 

49 

25 

12 

Mass  Ratio: 

9 

2.33 

1.5 

'  1 

0.67 

0.43 

0.25 

0.11 

0.05 

Air/Fuel: 

0.111 

0.429 

0.667 

1 

1.493 

2.326 

4 

9.091 

20 

Mean  Radius: 

2.996 

6.672 

8.988 

12.058 

16.511 

23.779 

38.131 

80.889 

166.211 

Radius,  inches: 

0.00500  0.01200 

0.01600  0.02100 

0.02900  0.04200  0.06700  0.14200  0.29100 

Mean  Distance: 

19.13 

40.68 

53.4 

69.65 

92.42 

128.45 

197.62 

398.28 

792.17 

Distance,  in.: 

0.14000  0.18000  0.20000 

0.23000 

0.27000  C 

1.33000  0 

.45000 

0.81000 

1.50000 

Time  msec: 

0.015263 

0.02047 

0.02366  0.02933 

0.038590  0.05648  0 

.10710  0.36836 

1.38022 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 


ENGINE; 

Bore:  (in)  3.94 

Stroke;  (in)  4.13 

Speed:  (rpm)  2000 

Comp.  Ratio:  11 

PUMP: 

Plunger:  (mm)  7.5 

Stroke:  (mm)  7 

Retract;  (mm*3)  35 

NOZZLE; 

Hole  Size;  (in)  0.005 

Number :  6 

Coefficient:  0.6 

INJECTION  PARAMETERS; 

Specified  in  crankangle  degrees  (TDC  =  0) 


Start;  (deg.) 

-50 

Duration: 

60 

End:  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg.) 

0.7 

Rate:  (mg/deg.) 

4.17 

Rate:  (g/sec) 

835 

Rate:  (g/sec) 

5010 

Velocity;  (m/sec) 

120.3 

INLET: 

Vol.  Effic.; 

0.95 

Polytropic : 

1.3 

Air  at  TDC: 

Inlet  Press. : 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp; 

1129 

Density:  1. 

14E-03 

Density  Ratio: 

11 

TDC  Density; 

1.26E-02 

Disp.  Vol.; 
Un’3) 

50.4 

Clearance; 

5.04 

Vol. /Stroke: 

274.3 

Inj.  Mass:  (mg) 

250.4 

Hole  Area: 

1.96E-05 

Total: 

1.18E-04 

0.913 

!sp.  gravity 
Rohsenow  &  Choi 


!RCM  was  122 
m/sec  (JMR) 


COMBUSTION  CFIAMBER;  Jet  Mixing 


Density  Ratio;  72.7 
Jet  Vel.;  120.3 
Radius:  0.0025 
Entrain;  (axial)  0.11 


JET  CALCULATION 

Pole:  0.156 

No  Crossflow 


Rel  Vel,  Vf/Vi; 

0.9 

0.7 

0.6 

0.5 

0.4 

0.3 

■  0.2 

0.1 

0.05 

Velocity  m/sec; 

108 

84 

72 

60 

48 

36 

24 

12 

6 

Mass  Ratio; 

9 

2.33 

1.5 

1 

0.67 

0.43 

0.25 

0.11 

0.05 

Air/Fuel; 

0.111 

0.429 

0.667 

1 

1.493 

2.326 

4 

9.091 

20 

Mean  Radius: 

2.996 

6.672 

8.988 

12.058 

16.511 

23.779 

38.131 

80.889  166.211 

Radius,  inches; 

0.00700 

0.01700  0.02200 

0.03000 

0.04100 

0.05900 

0.09500 

0.20200  0.41600 

Mean  Distance; 

19.13 

40.68 

53.4 

69.65 

92.42 

128.45 

197.62 

398.28 

792.17 

Distance,  in.; 

0.20000 

0.26000 

0. 29000 

0.33000 

0.39000 

0.48000  0.65000 

1.15000  2.14000 

Time  msec; 

0.044567 

0.06056 

0.07036 

0.08582 

0.114222  0.16921 

0.31611 

1.06447  4.02795 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 

ENGINE: 


Sli 


Bore:  (in) 

3.94 

Disp.  Vol.t 

50.4 

Stroke:  (In) 

4.13 

Un'3) 

Speed;  (rpm) 

2000 

Comp.  Ratio: 

11 

Clearance: 

5.04 

PUMP; 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3 

Stroke:  (mm) 

7 

Retract:  (mm’3) 

35 

Inj.  Mass:  (mg) 

250.4 

NOZZLE: 

Hole  Size:  (in) 

0.007 

Hole  Area; 

3.85E-05 

Number: 

6 

Total : 

2.31E-04 

Coefficient: 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees  (TDC  =  0) 

Start;  (deg.) 

-50 

Duration: 

60 

End:  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg.) 

0.7 

Rate:  (mg/deg.) 

4.17 

Rate:  (g/sec) 

835 

Rate:  (g/sec) 

5010 

Velocity;  (m/sec) 

61.4 

INLET: 

Vol.  Effic.; 

0.95 

Poly tropic: 

1.3 

Air  at  TDC: 

Inlet  Press.: 

14.7 

TDC  Press: 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density:  1 

.14E-03 

Density  Ratio: 

11 

TDC  Density; 

1.26E-02 

COMBUSTION  CHAMBER;  Jet 

Mixing 

Density  Ratio: 

72.7 

Jet  Vel. ; 

61.4 

Radius; 

0.0035 

Entrain:  (axial) 

0.11 

JET  CALCULATION . 

Pole : 

0.219 

No  Crossflow 

Rel  Vel,  Vf/Vi: 

0.9 

0.7 

0.6  0.5 

0.4 

Velocity  m/sec; 

55 

43 

37  31 

25 

Mass  Ratio: 

9 

2.33 

1.5  1 

0.67 

Air/Fiiel; 

0.111 

0.429 

0.667  1 

1.493 

Mean  Radius: 

2.996 

6.672 

8.988  12.058 

16.511 

Radius,  inches: 

0.01000 

0.02300 

0.03100  0.04200 

0.05800 

Mean  Distance: 

19.13 

40.68 

53.4  69.65 

92.42 

Distance,  in.: 

0.29000 

0. 36000 

0.41000  0.46000 

0.54000 

!sp.  gravity 


!RCM  was  122 
m/sec  (JMR) 


FIG.  5 


Time  msec; 


0.126755  0.16331  0.19515  0.23265  0.305646 


0.3 

18 

0.43 

2.326 

23.779 

0.08300 

128.45 

0.67000 

0.46130 


0.2 

12 

0.25 

4 

38.131 

0.13300 

197.62 

0.91000 

0.87608 


0.1 

6 

0.11 

9.091 

80.889 

0.28300 

398.28 

1.61000 

2.97147 


0.05 

3 

0.05 

20 

166.211 

0.58200 

792.17 

2.99000 

11.2333 
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NOZZLE  SCALING  CALCULATIONS 
17-Apr-86 

ENGINE: ' 


©iSlld  ^ 


Bore:  (in) 

3.94 

Disp.  Vol.: 

50.4 

Stroke:  (in) 

4.13 

(in‘'3) 

Speed:  (rpm) 

2000 

Comp.  Ratio: 

11 

Clearance: 

5.04 

PUMP: 

Plunger:  (mm) 

7.5 

Vol. /Stroke: 

274.3 

Stroke:  (mm) 

7 

Retract:  (mm’3) 

35 

Inj.  Mass:  (mg) 

250.4 

NOZZLE: 

Hole  Size:  (in) 

0.007 

Hole  Area: 

3.85E-05 

Number : 

10 

Total: 

3.85E-04 

Coefficient: 

0.6 

INJECTION  PARAMETERS: 

Specified  in  crankangle  degrees 

(TDC  =  0) 

Start:  (deg.) 

-50 

Duration: 

60 

End:  (deg.) 

10 

Single  Hole: 

Nozzle: 

Rate:  (mg/deg. ) 

0.42 

Rate:  (mg/deg.) 

4.17 

Rate:  (g/sec) 

501 

Rate:  (g/sec) 

5010 

Velocity:  (m/sec) 

36.8 

INLET: 

Vol.  Effic.; 

0.95 

Polytropic : 

1.3 

Air  at  TDC: 

Inlet  Press. i 

14.7 

TDC  Press; 

332 

Inlet  Temp.  (F) 

90 

TDC  Temp: 

1129 

Density:  1. 

14E-03 

Density  Ratio; 

11 

TDC  Density; 

1.26E-02 

COMBUSTION  CHAMBER:  Jet  Mixing 
Density  Ratio:  72.7 

Jet  Vel. :  36.8 

Radius:  0.0035 

Entrain:  (axial)  0.11 


JET  CALCULATION 
Pole: 

No  Crossflow 


0.219 


!sp.  gravity 


!RCM  was  122 
m/sec.  (JMR) 


FIG. 6 


Rel  Vel,  Vf/Vi: 

0.9 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.05 

Velocity  m/sec: 

33 

26 

22 

18 

15 

11 

7 

4 

2 

Mass  Ratio: 

9 

2.33 

1.5 

1 

0.67 

0.43 

0.25 

0.11 

0.05 

Air/Fuel : 

0.111 

0.429 

0.667 

1 

1.493 

2.326 

4 

9.091 

20 

Mean  Radius: 

2.996 

6.672 

8.988 

12.058 

16.511 

23.779 

38.131 

80.889 

166.211 

Radius,  inches: 

0.01000 

0.02300 

0.03100  0.04200 

0.05800 

0.08300 

0. 13300 

0. 28300 

0.58200 

Mean  Distance; 

19.13 

40.68 

53.4 

69.65 

92.42 

128.45 

197.62 

398.28 

792.17 

Distance,  in.; 

0.29000 

0.36000 

0.41000 

0.46000 

0.54000 

0.67000 

0.91000 

1.61000 

2.99000 

Time  msec; 

0.211373 

0.27207 

0.32517 

0.38899 

0.512658 

0.76971 

1.46442 

4.82452 

17.2172 
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APPENDIX  B 

BASELINE  ENGINE  DATA 
SUPERFLOW  AND  APAlOO  DATA 
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Engine  :  DEUTZ 

FIL  511 

Cell  !  Superflow 

Project  :  TACOM 
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Compr.  Ratio 
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984.0  Deg 
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Engine  Speed 

1512.0  rpm 

Engine  Torque= 
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N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 
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de09ja*0l0^ 
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COMBUSTION 

ELECTROMAGNETICS, 

INC. 

9-Jan-89 

12- JAN-89 

10:47856 

16:10:01 

Indicated  Data  vs  Crankangle 

Engine  i  DEUTZ 

FIL  511 

Cell  :  Superflow 

Project  !  TACOM 

Basel i ne 

No.  Cylinders 

s 

1 

Bore  = 

100.00  mm 

Stroke  = 

105.00  mm 

Compr.  Ratio 

s 

17.00 

Intake  = 

328.5,-120.5 

I gn  Timing 

s= 

984.0  Deg 

Exhaust  = 

108.5,  392.5 

Engine  Speed 

s 

2015.0  rpm 

Engine  Torque= 

13.97  N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

'de09ja4  6l2 

M 

Cr'ankangfle  DegTv'ees 


DATA  MARKERS  s 

Pmax  =  73.6342 

(?  3.00 

' dPmax=  5.2802 

@  -2.00 

Double-triangle  is  value  timing. 
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COMBUSTION  ELECTROMAGNETICS,  INC 


9-Jan-e3 

10- JAN-89 

10 !47:56 

15:27134 

Indicated  Data  vs  Crankangle 

Engine  s  DEUTZ 

FIL  511 

Cell  !  Superflow 

Project  :  TACOM 

Basel i ne 

No.  Cylinders  = 

1 

Bore  = 

100.00  mm 

Stroke  = 

105.00  mm 

Compr.  Ratio  = 

17.00 

Intake  = 

328.5,-120.5 

I gn  Timing  = 

984.0  Deg 

Exhaust  = 

108.5,  392.5 

Engine  Speed  = 

2480.0  rpm 

Engine  Torque= 

13.97  N-m 

APAIOO:  U.S.  Army  Tank  Automotive  Command 

Title  ! 

de03ja.0(^ 

Cr'ankangf  le  Degrr'eas 


DATA  MARKERS  i 

Pmax  =  62.0278 

0  5.00 

dFmax=  5.2560 

@  2.00 

Double-triangle  is  valve  timing. 
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COMBUST I  ON  ELECTROMAGNET ICS,  INC. 


9-Jan-89  ll-JAN-89 

10:47:56  10:31:18 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ 

FIL  511 

Cell  :  Sup erf low 

Project  :  TACOM 

Basel i ne 

No.  Cylinders 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Cornpr.  Ratio 

= 

17.00 

Intake  = 

328.5, 

-120.5 

I gn  Timing 

s; 

984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

2795.0  rpm 

Engine  Torque= 

13.70 

N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

1 

de03ja.008 

H 

E 

4> 


9 

L 

0. 


1) 

O 


Cr'ankangr  1  e  Degfr'ees 


DATA  MARKERS  : 

Pmax  =  63.0768 

<3  5.00 

dPma>;=  4.3756 

<3  2.00 

Double-triangle  is  valve  timing. 
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'  r  1.  • 

COMH'UST  1  UN  ELECT R0M«(3Nt;  f  ICS  INC,- 
C'RLMTiyS  PUNL 

Uri  l^-ititovi,  MaK??flC'T»«.'.S€?tT:!;-  OKl  /'t 
PHONE:  <G17)  64 1 -O-r-EO 

Tfjcit  Nunibev' .“  SE' 

Hate  <M/I)/Y)  5  :l  'fltiit?  (HsMsS):  14:49:30  Operators  POHLHOMMI:  f'! . . 

Erirjirio  dewcv' i  p  t  ior  ;  DLOTZ  flLVHl,'^  STOCK,,  . . . . 

Tet't  deecv"  i  !:>t  i  ovi  •  fc;  eec.  j  v'ltev'val 


Tf^r-s  fc  t 

8. OO  Sec 

oride/Oa  b  a  1 

Poivit  F' 

ubl  Spec.  Grav,  :  .  a  .-?S' 

Uir 

;e3V,r;r,-tr  ;  4, 

0 

Vapor  f-' 

re'r.i  M..ire  : 

.  ..'.a 

a 

arofiietric  T 

:  89.  38 

B  t  i  •: 

1 . 

00  ft)  1 

h.Vip  i  riF.' 

lype."  4’ 

(..ycle 

D  i  esi 

el  fin^ine 

displacement,  :  '30.0 

yt"oi 

f  o  j: 

4,  13C 

\ 

SfiecM.I 

Tv'q 

(-’'/)V' 

f8T-r4< 

HI 

<)/r 

assc  89HC  Man-  P' 

(.'  •i  I 

CUT 

f-  uel 

Oi  i 

Wat 

r  pm 

1  1- 

Hp 

Ib/ln- 

ec  f  rn 

Ib/Mplu'  Hp 

Pi-  i 

1- 

1  :■ 

Out 

out 

;l  iKi  (..) 

80.  3 

6.  0 

1 .  a 

SI.  9 

55.9 

.  30 

IG.  75  -51.3/ 

11 

66 

1  '‘.9 

149 

n 

i^;ss 

80.  A 

5.  9 

S.  0 

SI.  9 

50.  3 

.  34 

1 » 

66 

1  "■■9  ’ 

1  4'.:' 

n 

1^j3B 

i'O.  4 

O 

S.  0 

S'  1  .  a 

50.  O 

.33 

16. G0  -51.3/ 

67 

U97 

140 

iVtHi;' 

8':.'.  3 

0 

3V.  1 

cl.  a 

47-  / 

1G.G8  -51. 5/ 

0 

Of.} 

1  6 '7 

,  l4':l 

0 

i~:0.  S 

0, .  <:» 

I  .  9 

s  1 .  a 

5S.  7 

.  38 

16.68  -51.37 

. 

t-.p. 

159 

'  149 

0 

1  ■lV^4 

80.  4 

n 

1.9 

S 1 . 9 

5S.  9 

,  -  38 

16-  /5  -51  ..  .W 

t  *, 

/ 

15  f} 

149 

o 

SO.  5 

6.  0 

1  .  '.1 

S.l .  9 

58.  9  ■ 

m  w^C- 

1 G. 75  -51 , 3/ 

6/ 

1 5 '7 

i  5'7 

1540 

SO.  « 

6.  1 

1 .  / 

SI.:} 

59.  1  , 

.  sa 

IG.  48  *51.  3/ 

6/ 

1 5\? 

0 

1543 

i:  ;'0.  6 

6.  1 

1 9 

SI  .  9 

»»*c.  • 

.  31 

1G.48  “51.37 

/ 

1 60 

’  1*^1 

0 

1543 

SO.  5 

6.  0 

1 .  a 

S 1 . 9 

5'3*  9 

.  30 

IG. /5  —51.3/  , 

..  t* 

6  / 

159 

ISO 

1 

1546 

SO.  1 

5.  9 

1 .  / 

2:1^  9 

59.  1 

.  89 

17.04  -51,37 

. 

6  / 

1  6 '7 

149 

IJ 

1544 

SO.  5 

G.  0 

1  .  z 

SI.  9 

59.  1 

.  88 

16.  /5  ■■Vil.3  7 

.  0 

<:■  /  • 

1  (30 

149 

0 

1549 

SO.  0 

5.  9 

1 . 9 

i=;  1 . 9 

58.  9 

m 

17.04  -51.37 

.  0 

66 

1  59 

148 

0 

154B 

so.  3 

(=,.  0 

1 . 9 

S 1 . 9 

58.  9 

.  38 

16. /5  -51 . 3/ 

. 

159 

149 

0 

154a 

SO.  3 

f..  0 

S.  0 

81.9 

50.  3 

.  3Z^ 

16.  75  -5  1.3/ 

.  0 

6/ 

159 

149 

0 

1544 

SO.  4 

G.  O 

S'.  0 

S 1 . 8 

50.  0 

.  33 

16.68  -51.3/ 

.  o 

68 

1  58 

149 

0 

1 54  1 

SO.  a 

G.  1 

1. 9 

i::  1 . 6 

58,  7 

1.31 

IG.  40  -51.  :•;/ 

.  <7 

67 

1  59 

149 

0 

1544 

so.  1 

5-  9 

S.  1 

S 1 . 9 

4  7.  9 

i  <  36 

17.04  -51.3/ 

.  0 

Si  6 

159^ 

150 

0 

1 548 

so.  5 

G.  0 

0 

SI.  9 

50,  3 

i .  33 

16.75  -51.3/ 

. 

6/ 

159 

151 

0 

1548 

S<'.>.  .0 

5.  9 

1. 9 

S 1 . 9 

58.  9 

' .  38 

1/.04  "51.3/ 

.  C' 

66 

159, 

1 5 1 

0 

154  0 

SO.  0 

5.  9 

S.  0 

S]  .  9 

:  50.  3 

!  .  34 

17.04  -51.37 

.  '7 

67 

160, 

151 

0 

1538 

so.  3 

5.  9 

s.  s 

S 1 . 9 

4  5.  7 

1 . 37 

1/.  04  -  51.  3/ 

„  ri 

f-.6 

1  60: 

158 

0 

1545 

SO.  :i 

5.  9 

£.  0 

S 1 . 9 

50.  3 

■  .  34 

17.04  ^51.37 

„  f  j 

67 

139 

151 

0 

1544 

SO.  4 

6.  0 

s.  o 

S 1 . 9 

50.  3 

:  .  33 

16.  /5  -51. 3/ 

..  ‘7 

'.-i6 

158 

151" 

0 

1545 

'so.  3 

0 

1 . 9 

SI  ,  9 

58.  9 

.  38 

16. 75  “51 . 37 

.1  '7 

67 

158 

151  . 

0 

1544 

SO. 

G.  1 

S.  1 

SI  -  9 

4/.  9 

.  34 

16..  48  -51.  ,3/ 

..  ( ) 

6/ 

1  C8 

I5l 

0 

1 545 

SO.  f.'! 

G.  1 

i:!«  1 

S 1 . 9 

47.  9 

•  34 

16.  48  :“51 . 3/ 

„  f;;i 

66 

159 

1 50 

(7 

1549 

so.  4 

G.  0 

1. 9 

S 1 . 9 

58.  9  „ 

.  38 

16.  75  '  -51.  J7 

„  O 

l-iG 

159 

151 

(.:» 

1549 

SO.  4 

G.  0 

1.9 

SI.  9 

58.  9 

: .  38 

16. 75  -51 . 37 

. 

66 

159 

151 

0 

1547 

So.  1 

?5.  9 

S'.  0 

S'  1 . 9 

50.  3 

.  34 

1  7 .  04  -5 1 ..  3  / 

1,1 

6(3 

159 

150 

0 

1544 

SO.  3 

G.  0 

S.  0 

SS.  0 

50.  5 

.  33 

16. 83  -51. 34 

-  *7 

T59  ' 

151 

r» 

1545 

SO..  3 

G.  0 

1. 8 

S 1 . 9 

55.  9 

•  30 

16.  75  “51.3/ 

.  O 

(;,(3 

1  ‘5 '3 

158 

0 

154  4 

SO.  5 

G.  0 

1 . 9 

SI.  9 

58.  9 

•  w^c! 

16.75  -51.37 

.  '7 

6  V 

1  6'.' 

151 

‘7. 

1543 

SO.  6 

6.  1 

t .  8 

S'  1 . 9 

55.  9 

.  30 

16.48  -51.3/ 

6':. 

159 

149 

O 

.  1544 

SO.  1 

5.  9 

1;:.  3 

S 1 . 9 

43.  7 

.  39 

17.04  -51. 37 

.  0 

6/ 

160  149  0 

zo.V 

G.O 

Zl.^ 

■  ■  ,  ■ 

(fh 

I*f0 

(r'i.?Z /TAf^ 

-  2.v8>^'^^ 
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COMIHJSiT  HIM  KLE;ClF?OM«OM[i:  T  lt:!ii  IMC. 
3a  ROFU' 

l  i  vifjion,  Mas;!3at:l-i'JS£»ti'“  Of;'! /A 
(Gl.;)  G41-0'.ii^0 


iNli.irtibeM '  i: 

Oatw  (M/I)/Y)  :  izh.-ilM  I  i  rv.:'  10Jt)0i:0.’<  Upoi  ato'  - 

t>i|j  j  dt^Tcr  I  pi  i  ort :  ......  . .. 

•1  _ A.  _ _ _  •  ±  t  .  _  _  *  --J-5  A  H  i  j  *7  i  . 


1  e  f?  t;  <■!  f?  5  i  t.:  y'  i  r:)  1 1  o i : 

rL..  . 

1., . V3. 

■■ 

(  epit:  r 

'->0  {.■>»C'"''''it!r! 

/Oat  a  Pc 

i  vi  t  I- 

uf»l  Spec. 

L’r.Hv.  r 

*}  fi 

Ml" 

V.  <5*  - 

V  :  4.0 

Vapor  P 

refit-.uv'e :  .3 

7 

ItarcMfstr' j  p 

l-'ree.  : 

£9. 

38 

Rat  t 

:  1 . 

00  "10 

1 

•;->  <£!  j.  V'i<? 

lyp«r,  4-l.vt-l<;'  Disrit'] 

1^ 

viji  i  no 

d  i  sp  1  fACOfiliO 

vt  r  ;f'l> 

t  ) 

3t>o 

4.  i.;?o 

>  ' 

Spf?f-?d. 

T  rq 

0 1. 

M/f- 

bSf-C  BSOL: 

Mail-  b' 

(7 1  1 

i.:M  1 

bvel 

til  1  Wat 

v'pm 

.1.  b'-f'l.  l  ip 

Ib/in- 

1  b 

/llpi-n- 

.1  ■■■,  blq 

i 

J. 

, 

,  U'.it  u 

jt: 

axya?, 

C-O*  i  / «  3 

3.  4 

ir!(:>a  .ii 

33.  3 

.  44 

15.  48 

-51. 37 

89 

15/ 

avi  f 

fi'O.  a  /.o 

v.^..  '!*• 

C.’  a  -3 

.^4.  o 

,  45 

15.  48 

-51.  3  7 

(  ':\i 

1  ■.■;■  7 

£l<.‘ 

1 1 

£:o;.-'i' 

f:'0.  3  /.a 

3.  4 

£8.,  3 

3t-.  tt 

.  44 

15.  4  8 

-  5 1 . 3  7 

.. 

i ..  ' 

1  / 

.  £09 

•J 

Ci'h'ti 

f::o.  !  /.  / 

■3.  4 

3 

33.  ‘3 

.  44 

15.  88 

-•  5 1 . 7 

<•.0 

1. 5  7 

£0^ 

r  > 

£0.3  7.  a 

N  *L’ 

34.  5 

.  45 

15.  4  8 

-51. 37 

0 

.ft 

1 5  7 

£09 

<) 

ec'f;  / 

c-o.  3  /.a 

3.  a 

£fc.  3 

33. ‘5 

.  48 

15.  48 

~51.  3  7 

■  C‘ 

1  5  7 

£09 

T) 

eOi;::b  . 

£0.3  7.0 

£(•)«  3 

3£.  8 

,.  4  7 

J  5.1  4  8 

-51.3/ 

/  *  ‘ 

157 

(,£09.. 

0 

e0i^:3 

£0.  4  7.0 

3.  5 

34.  4 

.44 

15.  ££ 

-51 .  37 

1  > 

70 

1  'i!'  7 

£08 

0 

£0.4  7.9 

3.  ' 

It!  G>  «  1.S 

34.  S 

.  44 

15.  £:a 

-51 . 37 

. 

69 

156 

£0  7  , 

0 

sof;  7 

£0.4  7.9 

3.  '3 

A 

34.  6 

.  44 

15.  34 

-51. 3  7 

.  0 

86 

1  /••  7 

£’00 

0 

axyai 

c'O.  3  /.a 

3.  a 

c!  G>  a  A 

34.  6 

.  45 

15.  54 

-51. 37 

-  0 

68 

1  7 

£09 

0 

fcOi'i-lG 

L-'O.  .1.  7.8 

3.  6 

£a.,  3 

.33..  3 

.  46 

15.  48 

-5 1.3/ 

.  0 

88 

15  7 

£09 

0 

eoiH'ii 

ao.  1  '7.  7 

3.  a 

£8.  4 

31. 9 

.  49 

15.  7  4 

-51 . 37 

.  0 

88 

1 5  7 

£09 

tj 

Sl'clG 

..‘i  7.  a 

3..  a 

£(•,.  4 

33.  7 

.  46 

IS.  54 

-51..  37 

..  0 

88 

1  7 

£08 

0 

fiOii'lB 

£0.3  7.8 

3.  7 

c:a,  3 

3c**  6 

,*  47 

15.  48 

-  /•,  1  „  > 

«  0 

70 

15/ 

£»:i8 

0 

aofy? 

£<.*.  1  7.8 

3.  a 

£6.  3 

31.8 

49 

IS.  48 

-51. 37 

.  /' 

70 

J.  5  7  i 

£09 

0 

£0.0  7.7 

£8.  3 

33.  3 

>47 

15.  88 

"51 . 37 

.  0 

15/ : 

£10  , 

0 

ffioee 

£0.1  7.8 

3.  4 

£8.  3 

35.  5 

44 

IS.  48 

-51  „  3 '7 

. ' 

89 

1 1:  7 

£10 

0 

g;of?G 

£0.3  7.8 

3.  4 

£8.  3 

35.  5 

.  44 

15.  48 

"51. 37 

.  0 

88 

1  7 

£08 

0 

fd.’vVS 

£o.  '0  7.9 

3.  4 

£8.  3 

35.  5 

.  43 

15-  £8 

"  5 1 .  .  -5  7 

.  0 

f:,B 

1  ■.■•8 

£00 

0 

GOlii'l 

£0 .4  > , 9 

3.  S 

£8.  3 

37.  7 

.41 

15.  £8 

-5 1 .  .vV 

,  /' 

'.4 

1 / 

£'.'8 

ft 

c-0 :;' 

£0.  1  '7.  7 

•• ..  a 

£8.  3 

33.  5 

:.  4  7 

.  1  5.  88 

-51.  .;■  / 

;• 

7  0 

1  !■  7 

£'06  ' 

f^t 

c-:0c'9 

£0.0  7.7 

3,  7 

£8.  3 

3c'  •  0 

.  48 

15.  88 

-51. 3  7 

,  '..'1 

7  /> 

15/^ 

t-.'OB 

0 

£0. 7,9 

3,.  a 

£(0.  3 

31.8 

.  48 

15  -  £8 

"51..  39 

.  0 

/•9 

J  5'6  ‘ 

It'/'O 

0 

c:Oi:''j 

£0.4  7.9 

tif 

£8.  4  1 

34.  6 

.  44 

15.  ..•:'i 

“51 . 37 

i;>8 

155 

£09 

0 

;.^0e6 

£0.3  7.B 

7 

£8.  3 

3£.  B 

.  4  7 

15.  48 

-51 3  7 

.  0 

88 

3  56 

£00 

0 

c'Oc'A 

£0.4  7.9 

3,  7 

£8.  3 

j-a.  & 

1.  47 

15.  £8 

“51. 37 

. 

7  0 

1 5  7 1 

£0  7 

0 

£’0.  .  .  7.  8 

J ,  a 

£8.  3 

33.  3  , 

!.  46 

1 5.  4/1 

-51 ..  .;  7 

.  0 

1  5  7 

£00 

0 

f/Of.'  7 

£0.0  7.7 

3.  a 

.-:a.  3 

33.  5 

.  47 

1 5.  e.8 

“51. 3/ 

,  '7 

70 

157 

£0  7 

0 

eo,f.;7 

£0.1  7.8 

f:> 

^Zt  k  w» 

33.  5 

.  46 

15.  48 

-51 .  37 

0 

89 

157 

£0  7 

0 

frosy 

£0.0  ■  7.7 

V  »*-■; 

1.  7  a  uJ 

£8.  3 

34.  5 

.  45 

15.  6:,8 

"51 . 37 

.. 

1,9 

15/ 

7 

0 

eofto 

tVO.  0  7.  7 

3.  a 

£8.  4 

3v5.  7 

3  47 

15.  74 

"51, 3  7 

.  0 

1  / 

£0  7 

SOfr'S 

c!0  -  3  /  «  0 

£8.  4 

34.  6 

.  45 

15.  54 

-51 . 37 

,  .  0 

88 

157 

£07 

0 

a<yaj\ 

£0.  1  7.  7 

3.  7 

£6.  4 

3£.  8 

.  40 

15.  74 

-51.  :// 

.  0 

88 

157 

£07 

0 

f:'0£4 

£0. 4  7.  9 

3.  7 

c!C,'ia 

(.^c.  •  0 

•  47 

15.  34 

—  5 1 . 37 

.  .  0 

87 

157 

£0/ 

0,, 

20.  ^ 
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61 
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COMBUST  I  ON  ELECTROMAGNET ICS,  I NC . 


9- Jan -89 

IS¬ 

-JAN 

10 :47:56 

Indicated  Data 

vs  Crankangle 

OS 

:09:: 

Engine  :  DEUTZ 

FIL  511 

Cell  :  Sup erf low 

Project  :  TACOM 

Basel i ne 

No.  Cylinder 

c.  sr 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr.  Ratio 

17.00 

Intake  = 

328.5, 

-120 

I gn  Timing 

= 

984.0  Deg 

Exhaust  = 

108.5, 

392 

Engine  Speed 

=r 

2025.0  rpm 

Engine  Torque= 

27.52 

N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

• 

■ 

de09ja.015 

-100.  -50.  0.  50.  100. 


Cmankainsr  1  e  Degfr'ees 


DATA  MARKERS  ! 


Pmax  - 
(3 

dPmax= 

(3 

Double-tr i angle 


81.4000 

5.00 

6.0999 

-3.00 

is  valve  timing 


in  in 


t;UMBUS  rH)M  F.l.tCTROMnGMtn  lt;s  IMC. 

;?.£  PIJtiNrX‘5B'  PIJPO 

Prlinrilon,  MasSRChueejttin  Oc;'l/'^i  ' 

PHOMP:  (617)  641-0;ir;0 

Tf?;r.t  IMi.iMbp'r:  ■  :K  '4 

Date  <M/D/Y)  !  lS/?c;'/e«  Time  (H:M;«5);  15sl9:48  Operator:  PUHl.UMMMliR . . . . 

Pnnine  descf' i  t;>  1 1  on  :  D6U  T  Z  f-).LBll,  SrOCK_ . . . . 

TeBt  t.:l£?';->cr  i  pt  ion:  i?;  sec.  interval 


T  e:,!l'  r 
Vap'':'r  1 

c!-  '•>:•? 

jv  ri' !  -  fiiUV'fr* 

l.'OVXl*: 

« 

M 

/Data  P 
/ 

'::0'''T.  f 

i; 

uel  Spec, 

V  omf?tr  i  a 

Gi'av.  :  .  t\7n': 

Pl  ea  ,  r  89.  38 

n !  1 

FDit  i. 

|:;p,  ,  i-i 

.•■3  1 

c-rr  4..  0* 

<;>o  f  0 

1 

Enfj  i  ne 

Typer  4 

-d'ycle  Di«f:-‘? 

1  r- 

nij  i  n“ 

d  i  rs  p  1  a  c  e  rn  e  t'>  t  r  5  0 .  O' 

ST.  ’"ol 

4.  130 

Gp(?pd 

Trq 

f>wr 

f-fl-F  B 

Pi 

P/f- 

BSf-C  B9PC;  Man  -t-' 

Ui  1 

i;n  f 

I"  '..le 

1  Oil  Wat 

>''pm 

1  b-  T- 1 
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COMBUST I  ON  ELECTROMAGNET ICS,  I NC 


S--Jan“89 
10 :^7!56 


Indicated  Data  ms  Crankangle 


12- JAN- 89 
08!27:23 


Engine  !  DEUTZ 

FIL  511 

Cell  :  Sup erf low 

Project  :  TACOM 

Basel i ne 

Flo.  Cylinders 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr.  Ratio 

= 

17.00 

Intake  = 

328.5,- 

-120 

I gn  Timing 

s 

984.0  Deg 

Exhaust  = 

108.5, 

392 

Engine  Speed 

= 

2490.0  rpm 

Engine  Torque= 

26.98 

N-m 

APAlOOs  U.S. 

Army  Tank  Automotiue  Command 

Ti  tie 

! 

de03ja.011 

80. 


£ 

4>  60. 

(0 


Ift 

« 

L 

^  20. 


3) 

O  0. 

-100.  -50.  0. 


Cr'anksngr  1  e  Degfr'ses 


DATA  MARKERS  : 

Pmax  =  65.8773 

@  4.00 

dPrnax=  6.2426 

<3  1.00 

Double-triangle  is  ualue  timing. 


50.  100. 
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c;oMf?ur?  r  i  tJM  ELtCT  romwgmk t  1 CH  I  wt: . 

?e  PRF.NTIGG  ROfX.' 
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TRf'ii  M  urn  her  r  £6 

I.)a(;»?  <h1/l)/Y)  5  :lcV£‘£/eB  l  ime  (l•^:M!S)s  .15:43:14  Uperator:  P'UHl. HGMMIL: R  _ _ _ _ _ 

Enrjine  dencr  i  pt  ion :  DEUT'Z  F*lLl'-jll,  f3'rtM;;K . . .  . . . . . . . . . 

Tr?r>t  descv' j  pt  ion  r  ii  Bee.  intev'vals 
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COMBUSTION  ELECTROMAGNETICS,  INC 


9-Jan-85  12-JAN-89 

10;47!56  09s32!25 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ 

FIL  511 

Cell  !  Superflow 

Project  :  TACOM 

Basel i ne 

No.  Cylinders 

= 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr.  Ratio 

= 

17.00 

Intake  = 

328.5,- 

-120.5 

I gn  Timing 

zs 

984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

ss 

2820.0  rpm 

Engine  Torque= 

26.44 

N-m 

APAIOO;  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

1 

de03ja.012^ 

Cr'ankangfle  Degfr'eas 


DATA  MARKERS  : 

Pmax  =  65.3684 

@  5.00 

dPmax=  4.8220 

@  1.00 

Double-triangle  is  valve  timing. 
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CUMBLJy  fJUN  tLECTROMftBME  f  ICS  IMC, 
i.S  PREMTlSti  i^unt' 

Prl  iriyton,  MassathujsettE  OSl /^i 
PHUNE  s  <  6 1  7 >  641  -0!i;'i-:;0 


Ni'niLH?-,' ;  £9 

Date?  (M/D/Y)!  'flMe  <  H  :  M :  S )!  OS:  57  :  3tt  Operator  J  . 

Ennine  doreci'i  pt  Ion  :  Fa.4.57 >6a&cA: . . . . .  ”  .  . 
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COMBUSTION  ELECTROMAGNETICS,  INC 


9-Jan-89  12-JAN-89 

lOr^IZsSe  13:^8:11 

Indicated  Data  vs  Crankangle 


Engine  ;  DEUTZ  FIL  511 

Cell  !  Sup erf low 

Project  !  TACOM  Baseline 

No.  Cylinders 

Compr .  Ratio 

I gn  Timing 

=  1 

=  17.00 

=  984.0  Deg 

Bore  = 
Stroke  = 
Intake  = 
Exhaust  = 

100.00 

105.00 

328.5, - 

108.5, 

mm 

mm 

-120.5 

392.5 

Engine  Speed 

=  1535.0  rpm 

Engine  Torque= 

28.48 

N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

r''de03ja.016^ 

-100.  -50.  0.  50.  100. 

Cr'ankangfle  Degfr'ees 


DATA  MARKERS  : 

Pmax  =  80.9975 

@  5.00 

dPmax=  5.6322 

@  -5.00 

Double-triangle  is  valve  timing. 
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COMBUST I  ON  ELECTROMAGNET ICS,  INC. 


9- Jan -89  12- JAN-89 

10! ^7: 56  12:51! 22 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ 

FIL  511 

Cell  !  Sup erf low 

Project  !  TACOM 

Basel i ne 

No.  Cylinders 

= 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr .  Ratio 

= 

17.00 

Intake  = 

328.5, 

-120.5 

I gn  Timing 

S 

984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

= 

2015.0  rpm 

Engine  Torque= 

34.44 

N-m 

APAIOO!  U.S. 

Army  Tank  Automotive  Command 

Title 

■ 

■ 

deo3Ja.015  j? 

r\ 

£ 


0 

L 

Ol 


3) 

O 


_ i _ I _ i _ i _ i _ i  I  !  i  !  !  I  i  i  i  s  I 

-100.  -50.  0.  50.  100. 


Cr'anksngr  1  e  DegTr'ees 


DATA  MARKERS  ! 


Pmax  = 
dPmax= 


77.8286 

6.00 

5.4527 

-3.00 


Double-triangle  is  valve  timing. 
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COMBUST I  ON  ELECTROMAGNET ICS,  INC. 


9- Jan -89  12- JAN-89 

10: ^7 :5b  11:55:23 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ  FIL  511 
Cell  :  Sup erf low 
Project  :  TACOM  Baseline 

No.  Cylinders  =  1  Bore 

Stroke 

Compr .  Ratio  =  17.00  Intake 

I  gn  Timing  =  98*1.0  Deg  Exhaust 

Engine  Speed  =  2580.0  rpm  Engine  Torque 

APAIOO;  U.S.  Army  Tank  Automotive  Command 

Title  I  de03ja.0iil 


=  100.00  mm 

=  105.00  mm 

=  328.5,-120.5 

=  108.5,  392.5 

=  3-1.58  N-rn 


Cr'ankangrle  Degfr'ses 

DATA  MARKERS  : 


Pmax  = 

67.4321 

8.00 

dPmax= 

5.6135 

0.00 

Double-triangle  is  valve  timing. 
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"51 . 39 

.  0 

68 

157 

£09 

Cl 

£489 

1£.  5 

5.  6 

c!Bi  G 

£3.  4 

:  •  45 

10.  50 

-51. 39 

.  0 

69 

157 

£  1 0 

0 

£4  l:SO 

£6.  f 

'!  £.  6 

5.  7 

£8.  5 

£34  0 

.  45 

lO.  38 

-51 . 37 

. 

69 

1 58 

£10 

0 

£4Bo 

£6.  0 

1£,  3 

5 . 6 

£6.  4 

3 

,  .46 

10.  60 

-51.  :)  7 

,  o 

69 

J  5.8 

£10 

0 

S49B 

iTl  &  M  v.*^ 

1£,  5 

5.  4 

£8.  6 

£4.  3 

.  43 

10.  50 

-5 1 . 39 

. 

69 

158 

£09 

0 

e;-vo  / 

£6,  4 

1  c'  w  G 

'5.  0 

£.‘8.  0 

££.  8 

.46 

10.  49 

-51. 39 

.  0 

69 

1  V,B 

£09 

0 

£D(J0 

£G.  3 

t£.  5 

5.  6 

£6.  7 

£3.  5 

.45 

lO.  54 

-51 . 39 

.  0 

6.9 

158 

£08 

0, 

£516 

£6.  1 

1£.  5 

5.  4 

£8i.  8 

£4.  S 

.  43 

10.  58 

-51. 39 

.  0 

69 

1 50 

£00 

.  0 

S5c'5 

£5.  9- 

1£.  5 

**r  *•« 

£9.  0 

£4.  £ 

.  44 

10.  65 

-51.48 

.  0 

70 

158 

£08 : 

‘  0 

£5£3 

1£.  5 

5.  9 

£9.  1 

£l£.  6 

.47 

10.  69 

-51. 39 

.  •:.> 

69 

1 5. 7 

£08 

0 

Iril  I'/jir! 

iVl  ^ 

1£.  5 

5.  7 

£9-  £ 

£3.  5* 

.  46 

10.  7£ 

"51 . 39 

.  •:> 

68 

15  7 

£08  ' 

0 

c:!  rjiJt"' 

ir  i’G,.  0 

1£,  5 

5.  9 

£9.  3 

cia.  8 

.47 

10-  76 

-5 1 . 39 

.  0 

67 

158 

£08 

0 

£5i:;'6 

£6.  1 

1£.  6 

5.  5 

£9.  £ 

24.  4 

.  44 

10.  6^1 

-51 . 39 

. 

68 

158 

£09 

0 

l::5£5 

£6.  1 

1£.  5 

5.  (3 

£9.  1 

£3.  0 

.  46 

10.  6'9 

"51 . 4£ 

.  0 

f Vi 

.1  ■;:-9 

£09 

0  . 

c’5;:i’3 

r.‘6.  3 

1£.  6 

5w  0 

£9.  1 

£3.  0 

.  46 

lO.  60 

-51. 4  c: 

.  0 

6.9 

1 59 

£09 

6 

£514 

£6.  B 

1£.  / 

e.  ei: 

■m'  •  uJ 

£9.  1 

it* A*  3 

.  43 

10.  5£ 

"51. 4£ 

.  0 

6  7 

3  59 

£09 

0  ■  f 

£6.  5 

:!  £,  / 

6.  1 

£9.  0 

£1.8 

.  48 

10.  48 

-51. 39 

.  V 

68 

1  !'.9 

£09 

0  '  6 

£6.  1 

1£.  5 

6.  C’ 

£9.  d 

.  48 

1  0.  6 '5 

••51 . 39 

.  o 

66ii 

3 

£'1'9 

0 

£C-  ,.  4 

:i  £.  7 

5.8 

£9.  1 

£3.  0 

.  46 

10.  5£ 

-51 . 39 

6.9 

16:.8 

£0'9 

0 

i::!'r*-:-  / 

£6.  3 

11:'.  / 

5.  8 

£9.  1 

£•3.  O 

.  46 

lO.  5£ 

- 5 1 . 4£ 

68 

1  3H 

£09 

0 

£5;:;  3 

i;:6.  5 

1£.  / 

5.  9 

£9.  1 

££.  e> 

.  46 

lO.  5£ 

"51 . 39 

68 

1  :'}9 

£08 

Cl 

A 

1£.  / 

5.  7 

£9.  0 

£3.  4 

.45 

lO.  48 

•-51. 39 

.  o 

68 

1 58 

£09 

0 

c:5£6 

£5.  9^ 

1£.  5 

5.  6 

£?'.  0 

£3.  8 

.  45 

10.  65 

“5 1 . 39 

.  o 

69 

15'0 

£09 

0 

£531 

i'l  l'i,  6 

1£.  3 

5.  4 

£9.  1 

£4*  7 

.  44 

10.  86 

-5 1 . 4£ 

.  ';> 

6.9 

1  5  7 

£09 

0 

E-bc'O 

£5.  9 

1  c!  • 

5.  5 

£9.  c: 

£4.  4 

.  44 

lO.  7£ 

“5 1 .  •'1  £ 

66< 

1  :■}  7 

£09 

0 

£513 

rl'6.  6 

1£.  7 

5.  5 

£9.  0 

£4.  2 

.43 

10.  48 

-51. 39 

.  o 

70 

1 58 

£09 

0 

i:!  5 '1*3 

£6.  4 

1£.  6 

5.  4 

£61.  8 

£4.  5 

.43 

10.  49 

"51. 39 

. 

69 

1  ':.9 

£  1 0 

0 

o' 51  1 

£6.  1 

1£.  5 

5.4 

£0.  9 

£4.  6 

.  43 

lO.  61 

"5 1 . 39 

.  0 

'S9 

1 58 

£09 

0 

£5  1  5 

£6.  1 

1£-  5 

5.  6 

£8.  9 

£3.  7 

.45 

lO.  61 

-51. 39 

.  0 

69 

3.58 

£10  ; 

0 

£505 

£6.  5 

1  c! .  6 

5.  6 

£0.  9 

£3. -7 

.  44 

lO.  53 

-51.39 

« 

68 

158 

£11 

^  0  >' 

£504 

cl  G  •  A 

1  £.  6 

5.6 

£8.  8 

£3i6 

.44 

10.  49 

-51. 39 

.  0 

69 

.157 

£11 

0 

£5'.»4 

£6.  3 

l£.  5 

5.  i'l 

£8i  8 

£4.  0 

.  44  > 

10.  58 

-5 1 . 39 

.  o 

68 

3  5.  7 

£09 

0  6; 

£509 

£6.  1 

1  £.  5 

5.  6 

£0.  © 

■£3.6 

.45 

JO.  58 

-51.39  ‘ 

.  0 

69 

.1 58 

£10 

TJd  .3> 

a.(o, 

'  i  ^  ••  ‘  r-  ,' 

'  ! .  •  •"  -•  *>■ 

*>  •  ',1  ' 

1..' 

lAO 

t/JT)  ^0^^  ^ 


^J.(fV  siZ,-  Sjz\ 
■Z*?, 


Ikl 

H/L 
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COMliiUS  f  I  ON '  ELt^df  i^OMPONE^f  ICS  1 NC., 
3i2  PRENTISS  ROOD 
Pr.l  MasBat:?huBK'*tiB  OEi  /A 

PUfJIME !  (617)641 


iKHt  Nuniberr  3m:1‘ 

Dat  f?  (M/I.)/Y)  :  "N  me 

E ri I .|  i  nr?  rt  e s c v '  i.  tD  t  i  o vi :  , . 

T  est  cl escr  i  pt  i  on : 


!  10! 37: 40  Operatov s 

rsi^mL.^.^xc?cK . . . 


'lu?AbX^ 


TeBt  r  i:;.  OO  SeconclB/Dat a  Poinh 
Vapor  f-'reBB  ure :  .37 

Enpine  Type:  4-C'ycle  Diesel 


Fuel  Spec.’  Orav.  : 
barometric  Pres. : 
Enrjine  dlspl  acement 


,  ajE 
£9.  30 
50.  O 


Pir  Sensor  s  4.  0; 
Ratio:  1.00  TlJi  T 
SlroRe:  4.130 


Speed 

I'rq 

f-'vfr 

FP-Ff:< 

PI 

P/F 

BSFC  BSPC 

Mai-t-P 

Oi  1 

UP  f 

t-  u  e  .1 

t)j  1 

Wat 

rf?m 

Ib-Et 

Hp 

Ib/hr 

sc  I'm 

;•  :  Ib/Hphr 

In  tip 

ps  i 

F 

1- 

Out 

Out 

£044 

£5.  0 

1 4 . 0 

s.  a 

33.  0 

£0.  0 

.41 

1 1 . 00 

-51 . ^7 

..  0 

09 

1 5  7 

£19 

0 

£03£ 

,  £6.  0 

1 4 .  0 

‘o,  a 

33.  0 

£6.  8 

.  41 

1 1 .  OB 

-51 . 49 

.  0 

69 

150 

£19 

0 

£•030 

£0.  0 

14.0 

5.  0 

33.  7 

£0.  7 

.  41 

11.  Ob 

-51. 49 

.  O 

70 

1 5  7 

£19 

1 1 

£a£0 

£6.  1 

14.  0 

5.  a 

33.  5 

£0.  S 

.  41 

lo.  9a 

-5 1.47 

0 

71 

1 5  7 

£19 

C* 

£000 

£0.  1 

1  4 .  0 

5.  0 

;-?3. 5 

£6.  S< 

.41 

10. 9a 

-51 . 49 

.  0 

70 

1 7 

£19 

0 

£805 

£fii.  1 

J  3..  9 

tt 

vil!)  «  wf 

£0.  b 

■  .  4£ 

11. 00 

“51.47 

..  0 

/  0 

156 

££0 

0 

£01 1 

£0.  O 

1  3,  9 

5.  0 

'  33.  5 

c^G*  S 

n4£ 

1  l.,O0 

-5,1. 47 

0 

VO 

150 

eao 

0 

£809 

£Ej.  1 

1  4 .  0 

'5.  9 

33.  5 

£0.  1  ‘  - 

.  4£ 

10.  98 

-51  -  49 

70 

1 5  7 

£20 

0 

£000 

i:;5.  9 

13.  8 

(i.  3 

33.  5 

£4.  4 

.  46 

11.1-4 

--51. 4  7 

70 

158 

££0 

0 

£014 

£5.  9 

13.  9 

•p.  9 

33.  b 

£0»  1 

A  4S 

1 1 . 06 

-51 . 4  7 

70 

1  58 

£19 

0 

£013 

£(:..  1 

1  4.  0 

5.  a 

33.  S 

£0.  b 

.  41 

10. 9a 

-■51. 47 

.  0 

7  0 

157 

£19 

0 

£815 

£5.  9 

13.  9 

5.  a 

33-  5 

£0-  b 

,■  m  ActI 

1 1 . 06 

-bl.  4 '7 

70 

1  '5(3 

e£0‘ 

■fejf'O 

£810 

£0.  1 

1  4.  0 

5.  7 

33.  5 

£7.  0 

.41 

10.  90 

“51. 49 

70 

1 5  7 

££0 

O' 

cl  fry?  / 

£(-i.  0 

13.  9 

5.  9 

3  3.  8 

k'G«  1 

:  .  4£ 

1  1 . 0‘1, 

“'51 . 4  '/ 

.  o 

70 

1  5  7 

e£o 

7.  0 

£000 

ir!€>«  vf’ 

14.  0 

5.  a 

laV  m  >mJ 

£6.  b 

.41 

lo*  9a 

-51. 47 

. 

70 

1.  ?j  / 

££0 

0 

£7y£ 

£6.  0 

13.  8 

6.  3 

33.  4 

£4.  3 

*  46 

11.11 

--bl.  47 

.  0 

70 

1  'v6 

£ia 

£799 

£0.  1 

1  3.  9 

0.  3 

33.  b 

£4.  4 

. 

1  i .  00 

-51. 47 

.  (-> 

70 

15  7 

£19 

'  o 

£801 

£6.  1 

13.  9 

6.  0 

33.  b 

£b.  0 

.  43 

1 1 . 06 

-31. 4  / 

.  0 

70 

15  7 

£19 

'!■('  0 

££U"»0 

£0.  3 

1  4 .  0 

5.  9 

33.  4 

£0.  0 

.  4£ 

10*  95 

"51.47 

.  0 

71 

1 58 

£19 

0 

£804 

£0.,  1 

13.  9 

1 

33.  4 

£b.  1 

.44 

1 1 . 03 

-  5 1.47 

.0 

71 

158 

££0 

0 

£0 10 

£0.  0 

1  3.  9 

5.  6  ■■ 

33.  b 

£0.  b 

4  4£ 

1 1 . 06 

“51 . 47 

«  0 

70 

1 59 

£v::0 

«;> 

£803 

£0.  4 

14.  1 

0.  0 

■-  33.  b 

£S.  6 

.  43 

10.  91 

-51.47 

.  0 

69 

157 

££0 

0 

£793 

£0.  1 

1  3.  9 

5.0' 

33.  4 

£0.  4 

i  4e 

11.03 

-5 1.47 

V  0 

70 

15  7 

£c:o 

0 

£795 

£'0.  O 

13.  0 

s.a 

33.  4 

£0.  4' 

.  4fi 

11.11 

-51. 47 

.  «:> 

70 

15  7 

£17 

o 

£807 

£5.  9 

13.  0 

.  b.  a 

33.  b 

£0.  S 

:  .  4e 

11.  14 

-51 . 47 

.  o 

70 

15  7 

£ia 

0 

£8 1 4 

£5.  0 

13.  a 

5.  9  • 

33.  b 

£0.  1  ^  ■ 

i'i  43 

11.14 

-51.4/ 

.  0 

70 

157 

£19 

0 

&0£0 

£5.  0 

1  3.  9 

5.  a 

33.  0 

cIGn  6  * 

*  4e 

1 1.  10 

-51. 47 

.  0 

70* 

15/ 

£19 

0 

£841 

£5,  9 

14.  0 

5.  9 

33-0 

£6.  1' 

: .  4£ 

1 1 .  0.-: 

-b  1.47 

. ' 

71 

1  ?i(i 

££0 

0 

£040 

£5.  a 

1 4 .  <:» 

5.  7 

'  33.  7 

£7.  1 

.  41 

1 1  *  05 

-51. 49 

.  o 

71 

1 57 

££0 

0 

£845 

£?i.  a 

13.  9 

5.  7 

33.  8 

£7.  £ 

.  41 

11.  16 

-SI. 49 

.  o 

70 

158 

££0 

0 

£040 

£5.  8 

14.  0 

5.  7 

33.  7 

£7.  1 

.41 

1  1 .  Ot* 

-51. 47 

.  0 

71 

1.  5':1 

£SO 

c 

£043 

£'3.  8 

14.  0 

b.  / 

v53.  0 

£  /  • 

.  41 

1 1 . 08 

-31.47 

.  '-> 

70 

3  59 

££1 

£040 

£5.  0 

1  3.  9 

5.  a 

33.  0 

£0.  0 

.  4£ 

11.16 

i-51. 49 

.  o 

71 

1  58 

££0 

0 

£840 

£0. 

14.  1 

*3.  G 

33.  '7 

£7.  6 

40 

10.  97 

-51*  49 

‘  .  0 

71 

157 

'  ££0 

0 

£039 

£0.  0 

14.  1 

5.  7 

33.  0 

•■£7. 1':'- 

;10.  94 

rSi. AV 

. .  • 

71 

15'7 

££0 

0 

TXo.b 


X/  ,  }  '  I  *.4.  in'  1  1 


}  '  »  •.».  i  1 


Z^VT) 


^  513/  -  (p.0(o 


‘  V  '>tv'  <»'  i 


.‘ZtOASf.'  . 


^  ^  ^  I 

.  vi,  if  J 

‘  ,'  '■ '  ? 


COMBUSTION  ELECTROMAGNETICS,  INC 


9-Jan-89  12-JAN-89 

ll0;'17:56 

Indicated  Data  vs  Crankangle 


Engine  ;  DEUTZ 

FIL  511 

Cell  :  Superflow 

Project  !  TACOM 

Basel i ne 

No.  Cylinders 

= 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr  .  Ratio 

r= 

17.00 

Intake  = 

328.5,- 

-120.5 

I gn  Timing 

s 

98^.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

= 

2818.0  rpm 

Engine  Torque= 

35.26 

N-m 

APAIOO!  U.S. 

Army  Tank  Automotive  Command 

Title 

t 

de03ja.013 ' 

DATA  MARKERS  ! 

Pmax  =  69.0961 

^.00 

dPmax=  5.5308 

<3  0.00 

Double-tr i angle  is  valve  timing. 
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APPENDIX  C 

PEAK  PRESSURE  VERSUS  ELAPSED  TIME  DATA 


C-1 


C-2 


(  , 

wmA 


COMBUSTION  ELECTROMRGNETICB  INC. 

32  PRENTISS  ROOD 
OrllngtoKi,  Massachusetts  0217A 
PHONEj  (617)  641-0520 


Test  Number:  —S~ 

Date  (M/D/Y)  :  l/lS/90  Time  (f^sMtS);:  12:13:17  Operator:  crnp,  cp,  mw_ 
Enaine  description:  DEUTZ  F1L51>,  ..gEl  HEOD, CYLINDER,  PISTON  tt2. 2 
Test  description;  CEI,  SINGLE^OUbQ  PLUG,  26deg  Inj. _ 


Test  : 

Data  Recorded 

Manually  Fuel  Spec.  Grav. : 

.  031 

fiir  Sensor;  4. 

0 

Vapor 

Pressure ; 

.  35 

Barometric  Pres. : 

30.  43 

Rat  i  0 

:  1 . 

00  TO 

1 

Eripine  Type;  4- 

Cycle 

Diesel 

.  Engine 

displacement 

:  50. 0 

Stroke ; 

4.  130 

Sneed 

Trn 

Pwr 

FO 

01 

0/F 

BSFC  BSOC 

Man-P 

Oi  1 

COT 

Fuel 

01 1 

Wat 

rnrn 

Ib-Ft 

Hp 

Ib/hr  s 

cf  m 

1 b/Hphr 

In  Hq 

F 

F 

Out 

Out 

1360 

.  4 

.  1 

.  0 

17.  5 

.0 

.00147. 09 

.  32 

.  0 

62 

51 

67 

0 

II  1367 

.  4 

.  1 

.  O 

17.  5 

.  0 

.00147. 09 

.  32 

.  0 

62 

51 

67 

0 

II  1370 

.  5 

.  1 

.  0 

17.  5 

.0 

.00147.  09 

.  32 

.  0 

62 

51 

67 

0 

1373 

1. 2 

.  3 

.  0 

17.  5 

.  0 

. 00267. 75 

.  32 

.  0 

62 

51 

67 

0 

1432 

1.  1 

.  3 

.  0 

la.  i 

.  O 

~7o557575T“ 

.3^  ' 

.  0 

62 

“W 

6"/ 

0 

'  I  -n  1 430 

.  1 

.  0 

18.  0 

.  0 

. 00170.  04 

.  32 

.  0 

62 

50 

67 

0 

'  ^  1430 

(6(^1  1.  1 

.  3 

•  .  0 

10.  O 

.  O 

. 00275.  40 

.  30 

.  0 

62 

50 

67 

0 

1  432 

1.  6 

.  4 

.  0 

10.  0 

.  O 

. 00206.  55 

.  30 

.  0 

62 

49 

67 

0 

1  390 

.  O 

.  6 

.  o 

1 7. 6 

.  O 

.  do  Too 

.  32 

.  0 

62 

51 

60 

0 

1391 

.  0 

.  2 

.  0 

17.  6 

.  0 

. 00251. 44 

.  32 

.  0 

62 

51 

60 

0 

1-7  ^3a7 

.  6 

.  2 

.  0 

17.  6 

.  0 

. 00251. 44 

.  32 

.  0 

62 

51 

60 

0 

.  1 

.  0 

.  0 

17.6 

.0 

. 00  . 00 

.  32 

.  0 

62 

51 

60 

0 

1431 

1. 3 

•  4 

.  0 

17.9 

.0 

. 00205.  40 

.  32 

.  0 

63 

40 

70 

0 

,  1431 

•  5 

.  0 

17.  9 

.  0 

.00164.  32 

.  32 

.  0 

63 

50 

70 

0 

1  '  1432 

'  1.9 

•  5 

.  0 

17.9 

.0 

.00164.  32 

.  32 

.  0 

63 

50 

70 

0 

1430 

2.  1 

.  6 

.  0 

17.  9 

.0 

.00136.94 

.  32 

.  0 

63 

51 

70 

0 

1409 

.  9 

.  2 

.  0 

17.  7 

.  o 

. 00249. 14 

.  32 

.  0 

62 

52 

71 

0 

✓  1409 

.  3 

.  1 

.  0 

17.  7 

.o 

. 00157.  07 

.  32 

.  0 

62 

52 

71 

0 

19  1410 

.  3 

.  1 

.  0 

17.  7 

*0 

.00157. 07 

.  32 

.  0 

,  62 

52 

71 

0 

1400 

.  3 

.  1 

.  0 

17.  7 

.0 

. 00157.  07 

.  32 

.  0 

62 

Sc! 

71 

0 

. "1432 

— . re  ■'*■■■ 

.  S 

.  0 

17.  0 

.  o 

. 00246.  05 

.  32 

.  0 

63 

49 

74 

0 

1432 

Ir  1  ■  ^ 

.  3 

.  0 

17.  0 

.  0 

. 00272.  34 

.  32 

.  0 

63 

49 

74 

0 

IW  1430 

>  5 

.  0 

17.  a 

.  0 

i 00163.  40 

.  32 

.  0 

63 

49 

74 

0 

/  1  4viL'- 

.  E‘ 

.  1 

.  0 

17.  a 

.0 

.00161. 66 

.  32 

.  0 

‘  63 

50 

74 

0 

14^0 

2.  0 

.  5 

.  o 

17.  0 

.o 

. 00163.  40 

.  32 

.  0 

62 

52 

75 

0 

1420 

.  3 

.  1 

.  0 

17.0 

.0 

. 00161. 66 

.  32 

.  0 

62 

52 

75 

0 

1  1  1  4  1 0 

1.  1 

.  3 

.  0 

17.  0 

.0 

. 00272. 34 

.  35 

.  0 

62 

52 

75 

0 

1  420 

.  7  . 

.  2 

.  0 

17.  a 

.  0 

. 00246. 05 

32 

.  0 

62 

5£ 

75 

0 

1433 

1.0 

.  3 

.  0 

17.  0 

.o 

. 00272. 34 

.  32 

.  0 

63 

50 

79 

0 

,n  1436 

lal 

.  4 

.0 

17.  0 

*0 

.00204.26 

.  32 

.  0 

63 

50 

79 

0 

1  £>  1435 

|WV1  i.g 

.5 

.  0 

17.  0 

.o 

.00163.40 

.  32 

.  0 

63 

49 

79 

0 

1434 

d  •  l> 

.  6 

.  0 

17.0 

.0 

.00136. 17 

.  32 

.  0 

63 

50 

79 

0 

1423 

iC‘m  1 

.  6 

.  0 

17>.  7 

« o 

. 06135. 4i 

«  3^ 

.  0 

68 

"52 

S(T" 

0 

.  9 

.  2 

.  0 

17.  7 

.  0 

. 00249. 14 

.  32 

.  0 

62 

53 

00 

0 

1“  1422 

1.3 

■  .  4 

.  0 

17.  7 

.0 

. 00203. 1 1 

.  32  ■ 

.  0 

62 

52 

00 

0 

1 420 

1.7 

.5 

.  0 

17.  7 

*  o 

.00162.49 

.  32 

.  0 

62 

52 

00 

0 

C-3 


COMBUST I  ON  ELECTROMAGNET ICS.  I NC 


19- Jan -90 

19- JAN-9 

12:15:47 

13:52:01 

Inrdi  cated  Data  vs  Crankanqle 

En  q i n  e  :  DE UTZ  F 1 L - 51 1  ,  CE I 
Cell  :  Snoerf  10I-..I 

Proiect  :  TACOM 

No.  Cvlinders  =  1 

Ner  2.2 

Bore  = 

10  0.00 

mm 

Cornpr  .  Ratio 

==  12.00 

Stroke  = 

Intake  = 

105.00 

328.5, 

mm 

-120.5 

I qn  Timinq 

=  '9St4^0— 

E5<haust  = 

108.5. 

392 . 5 

Enqine  Speed 

=  4:-50ttq-0 — rprn 

Enqine  Torque= 

0.00 

N-m 

APAIOO ; ' U.S. 

T  i  tie 

Armv  Tank  Automotive  Command 

!  DE19JA.010  iT 

DATA  MARKERS  ! 


X&M. 

r.oo 


.  Pma;<  = 
<§ 

dPmax= 

(Jr 


29.5054  O 

-^r2-»XLQ  H  i 

0 . 7234  o 

-fprrn?  -  ^ 


DoubJ.  e-tr  i  anq.l.  e  is  valve  timinq. 


COMBUST  I  ON  ELECTROMAGNET ICS.  I HC . 


1 S  -  J  a  n  -  9  0  1 9  -  JAN  --90 

13!  55: 'IS  l';:37:2'4 

Indicated  Data  ms  Crankanqle 


Enqine  :  DEUTZ 

FlL-511,  CEI 

'v'er  2.2 

Cell  !  SuDerf low 

Proiect  !  TACOM 

No.  Cvli  riders 

1 

Bore  = 

100,00 

mm 

Stroke  = 

105.00 

mm 

Cornpr  .  Ratio 

12.00 

Intake  = 

328 . 5 , 

-120.5 

I qn  Tirninq 

= 

(TTrgq 

Exhaust  = 

108.5. 

392.5 

Enqine  Speed 

= 

-4r50ft-re~r-pm — 

Enqine  Torqije= 

0.00 

N-m 

APAIOO:  IJ.S. 

Ar mv  Tank  Automotive  Comrnan d 

1  i  tie 

• 

■ 

DEI 9 JA. Oil 

4^ 

Cr'ankangfle  Degfr'ees 

-  -'/"yf'-J 

DATA  MARKERS  ! 

. Pm ax  = 
dPmax= 

Dduble-tr  i  anqle  is  valve  tirninq. 


Wo.  xgM, 

/'  zo 

IZ70  f<T’^A 


C-6 


COriBIJGT  I  ON  ELECTROMAGNET  ICS.  I NC  . 


IS -Jan -90 
12:17:13 


19- JAN-90 
14:50:18 


Indicated  C)ata  vs  Crank  an  qle 


En  q i n  e 

:  DEUTZ  FlL-511,  CEI 

Mer  2.2 

Cell 

:  Super  flow 

P  r  o  i  e  c  t 

:  TACOM 

No.  Cvlindevs 

=  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Cornpr  . 

Ratio 

=  12.00 

Intake  = 

328 . 5 , 

-120.5 

I qn  Timinq 

=  ^^84t0-  Deq 

Exhaust  = 

108.5, 

392.5 

E  n  q  i  n  e 

Sp  eed 

=  -1-500  7  0 — rqirn 

Enqine  Torque= 

0.00 

N-m 

APAIOO ; 

LI .  S . 

Armv  Tatik  Automotive  Command 

T  i  1 1  e 

J  DE19JA.012’’| 

£ 

+' 

(H 


1/1 

1/1 

(II 

t 

0. 


O 


•me 


Cr'ankangfle  Degfmees 


DATA  MARKERS  ; 


X6W 


-1 


00 


[‘I  ^  I  (trA/i 


Pm  ax  - 
q 

dPmax- 

q 


29.3668  p 
0,7494  p 

-11.00  —lb 


Double-tr i anqle  is  valve  timinq 


COMBUST  I  ON  ELECTROMAGNET ICS,  I NC 


IS- Jan 

-  SO 

IS 

-JAN-SO 

12:17; 

50 

Indicated  Data 

vs  Crank  an qle 

14 

!57; 42 

E:r'iqi  ne 

;  DEUTZ 

FlL-511,  CEI  C 

'er  2.2 

Ceil 

:  Sup  erf  low 

P  r  0  1  e  c 

t  !  TACOM 

Mo.  Cvlindere  - 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr  . 

Ratio  = 

12.00 

Intake  = 

328 . 5 , 

-120.5 

I qn  Timinq  = 

-9e4T-e-R^ 

Exhaust  = 

108.5, 

3S2 . 5 

E:  n  q  i  n  e 

Speed  = 

Engine  Torque- 

0.00 

N-m 

APAIOO 

:  U.S.  Arrnv  Tank  Automotive  Command 

T  i  1 1  e 

• 

• 

DEIS JA. 01 3  1 

DATA  MARKERS  : 


Fmgx  "  26.2547  - 

■?  7-r^~  4'  2.^ 

dPrriBx-  0,660  9  0 

<?  — (  b 

Double-tr  i  anqle  i  =■  valve  timinq. 


KlO  TG^/ 

Z'-'iO 

(2-PM 


COMBUST  I  ON  ELECTROMAGNET ICS,  I NC 


19-Jan- 

90 

19 

-JAN 

12:18!  3 

n 

15 

-.04: 

Indicated  Data 

vs  Crank angle 

Enqi  ne 

:  DEUTZ  FlL-511,  CEI  C 

er  2.2 

Cell 

:  S up  erf  low 

P  f  0  j  e  c  t 

:  TACOM 

No.  Cvlindera 

=  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr  . 

Rati  o 

=  12.00 

Intake  = 

328.5. 

-120 

I qn  Timing 

=  "9B't~r0 — Deq 

Exhaust  = 

108.5, 

392 

E  n  g  i  n  e 

Speed 

=  •  1 50  0  tO— r-f>fii 

Engine  Torque= 

0 . 00 

N-m 

APAlOn ■ 

U .  S . 

Army  T an k  Au  t omo  t i v e  Comman d 

Title 

:  DE19JA.014 

Cv'ankangf  1  e  Degfr'ses 


DATA  MARKERS  : 


Pm  ax  = 

dPmax” 

§ 


29.6166  D 

-y-  7 

0.7182  0 

"  I  I 


Doubla-tr  i  angle  i  =.  valve  timing. 


XGM 

d  ■.  CO 


COMBUST I  ON  ELECTROMAGNET  ICS.  I NC . 


19- Jan -90  19- JAN-90 

12:19:35  15:23:06 

Indicated  Data  ms  Crank an qle 


Engine  :  DEUTZ  FlL-511,  CEI 
Cell  :  Superfloi-i 

Project  ;  TACOM 

Uer  2.2 

No.  Cylinders  =  1 

Bore  = 

100 .00 

mm 

Cornpr.  Ratio  ==  12.00 

Stroke  - 

105.00 

mrn 

Intake  = 

323 . 5 , 

-1 20 , 5 

I  gn  Timing  =  -984-70 — Dgrq- 

Exhaust  = 

103.5, 

392 . 5 

Engine  ::pced  =^QQ-.0  rpm  Engine  Torque  = 

APAIOO:  U.S.  Army  Tank  Automotive  Command 

!  DE19JA.015  •* 

0 .00 

N-m 

DATA  MARKERS 


-  - 


Pm  ax  = 
•9 

dPmax= 

<9 


26.5566  « 

-f  ?. 

0.6661  0 

-  — '/Y 


Double-triangle  is  valve  timing. 


H  ■■  ?>0 


C-10 


C  OM  B  Ij  ST  I  ON  E  L  E  CT  R  0MA6NET  ICS,  INC, 


19- Jan -50  19- JAN-90 

12:20:58  15:30:30 

Indicated  Data  vs  Crankanqle 


Engine  :  DEUTZ  FlL-511,  CEI 
Cell  :  Sup erf low 

Project  :  TACOM 

Uer  2.2 

No.  Cvlinders 

Compr  .  Ratio 

I gn  Timing 

.  =  1 

=  12.00 
=  -9^e4T0~C^e^ 

Bore  = 
Stroke  = 
Intake  = 
Exhaust  = 

100.00 

105.00 

328.5, 

108.5, 

mm 

mm 

-120.5 

392.5 

Engine  Speed 

-  -3r5&trro — rpm 

Engine  Torque= 

0.00 

N-m 

APAIOO:  LI.S. 

Army  Tank  Automotive  Command 

Ti  tie 

:  ^►EigjA.oie 

Cr'atnkansf  1  «»  Degfineeis 


DATA  MARKERS  ; 

Ptriax  =  31.0988  o 

dPmax=  0.7182  o 

@  ^ 

Double-triangle  is  valve  timing. 


T&M 

G:oo 

(2P/V\ 


C-ll 


COMBUST  I  ON  ELEfcTROMAGNEl ICS,  I NC . 


19- Jan -90 
12:21  :'19 


19- JAN-90 
15:40:39 


Indicated  Data  vs  Crank  angle 


Engine  :  DEUTZ 

PlL-511,  CEI 

'v'er  2.2 

Cell  :  Sup erf low 

Pfoiect  :  TACOM 

No.  Cvlinder 

s  = 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr  .  Ratio 

=r 

12.00 

Intake  = 

328 . 5 , 

-120 

I qn  Timing 

-^8^.-0-  De-g 

Exhaust  = 

108.5. 

392 

Engine  Speed 

= 

l-5ft0qrtrTp^ 

Engine  Torque= 

0.00 

f-I-m 

APAIOO;  U.S. 

Army  T ank  Au  tomo  t i ve  Command 

1  i  tie 

• 

■ 

DE19JA.017  f 

r 

DATA  MARKERS  : 


Pm  ax  = 
Q 

dPmax= 

(3 


27.9888 
4rg  -0  0-  f 

0 . 6870 

■”iOT€t8--  - 


KIO  IS/V/ 
&■  30 


Double-triangle  is  valve  timing 


COMBUST I  ON  ELECTROMAGNET ICS,  I NC . 


19- Jan -90 

12:23;  9 


19- JAM-9 0 
15:47:52 


Indicated  Data  ms  Crankanqle 


Enqine  ;  DEUTZ 

FlL-511,  CEI 

Uer  2.2 

Cell  ;  Sup erf low 

Project  ;  T  A  C  OM 

No.  Cylinders 

= 

1 

Bore  = 

100 .00 

mm 

Stroke  = 

105.00 

mrn 

Cornpr  .  Ratio 

= 

12.00 

Intake  = 

328 . 5 , 

-120 

I qn  Timinq 

— 

^^  4  .  .  .0 — D»q 

Exhaust  = 

108.5, 

392 

Enqine  Speed 

= 

'1^6-0  :'tr  » pm 

Engine  Torque= 

0.00 

N-rn 

APAIOO;  U.S. 

Army  Tank  Automotive  Command 

Title 

• 

DEI  9  JA.  01 8*^ 

DATA  MARKERS  ; 


Finax  —  30.0496  0 

<?  ^3,0 -eo-  -+  9 

dPmax=  0.730  7  •» 

@  -5r7~;-e^  —  If 


1&M 

S'.oO 

i‘f3'f  r7P/v\ 


Double-tr i anqle  is  valve  timinq 


COMBUST I  ON 

ELECTROMAGNETICS. 

INC. 

19-Jari- 

30 

13 

-JAM- 

30 

12:23:5 

/ 

15 

:  54 : 0 

/ 

Indicated  Data  vs  Crank  angle 

En  g i n  e 

:  DEUTZ 

FlL-511,  CEI  Ner  2.2 

Ceil 

:  Sup erf low 

P  V  0  1  e  C;  t 

:  TACOM 

No.  Cvli  riders  = 

1 

Bore  = 

100.00 

rfim 

Stroke  = 

105.00 

mm 

Cornpv  . 

Ratio  = 

12.00 

Intake  = 

328 . 5 , 

-120  . 

5 

I gn  Timing  = 

*>84-1-0 — 

Exhaust  = 

108.5, 

392. 

5 

Engi ne 

Speed  = 

sL500-r0 — ^r-p'rn 

Engine  Torque= 

0.00 

N-m 

APAIOO  ; 

U  .  S  .  Ar mt'  Tank  Au  t  omo  t  i  v e  Cornman d 

Ti  tie 

• 

• 

DE13JA.019 

1 

DATA 
Pill  ax  = 

(3 

,  dPmax  = 


MARKERS  ! 

28.2136 

-4r2-»-TUD _ 

0.7244 

''I-StW 


-lb"" 


Double--tv  i  angle  is  valve  timing. 


(46  -X6W 
'2,;3>o 

l'l^^ 


C-14 


APPENDIX  D 

MODIFIED  ENGINE  DATA 
SUPERFLOW  AND  APA-100  DATA 


D-1 


D-2 


COMBUSTION  ELECTROMPGNETICS  INC. 

32  PRENTISS  ROOD 
OrliKifltori,  Massfikchusetts  OS17A 
PHONE*  (617)  641-0520 


1 23  Filer 
Date: 

Erig  i  ne : 
Test  : 


z  FlL-511,  CEI  head,  cylinder 
Double  Plugs,  20  deg  adv,  26 
ft-1 bs 


,  piston 
deg  in.j 


Test  DEI 7 JO 


10 

04 

06 

08 

RPM 

1504 

1998 

2492 

2807 

IRQ  ,ft-lb 

10.  3 

9.  a 

lOl  O 

9.  8 

COV 

1 . 46*/. 

0.  845'. 

1. 015C 

0.  605C 

HP 

3.  0 

3.  7 

4.  7 

5.  2 

F'-'uel  ,lb/hr 

1-33 

1. 97 

2.  80 

3.  95 

Oin  ,  scfrn 

17.  2 

24.  a 

27.  4 

27.  4 

0/F 

59.  0 

57.  3 

44.  7 

31.6 

BSFC 

ManP 

0.  451 

0.  526 

0.  590 

0.  756 

COT  <F) 

66 

62 

64 

66 

FuelT  (F) 

53 

49 

53 

54 

OilT  (F) 

212 

151 

173 

203 

Ex  T  (F) 

392 

330 

477 

643 

SHE  TRQ 

9.  a 

9-  £ 

9.2 

9.  0 

SOE  HP 

2.  a 

3.  5 

4.3 

4.  8 

VolEff 

0.  79 

0.  86 

0.  76 

0.  67 

Odv. ,  den 

20 

20 

20 

20 

I gni t i on 
OPO-100  data 

ON 

ON 

ON 

ON 

Prnax  (atm) 

38.  O 

29.  8 

23.  9 

19.  5 

@  (deg) 

1 

7 

13 

-4 

dPrnax  (atm) 

2.  18 

0.  82 

0.  77 

0.  65 

0  (deg) 

“5 

-16 

-16 

-26 

D-3 


COMBUSTION  ELECTROMfiGNEETICS  INC. 

32  PRENTISS  ROni) 
ttrlinpton,  MaB5achu5ettt5  02174 
-PHONES  (617)  641-0520 


123  File; 
Da  b  B : 

Erit.i  i  ne : 

T  e?sb  : 


1/17/90 
_Peuts  FlL-511 

m 


,  CEI  head, 
ugs,  20  deq 
20, ft -lbs 


cy  1  i  rider ,  n  i  st  on 
adv,  26  den  in.j 


Test  DEI  7 JO 


1  1 

05 

07 

14 

Rb'M 

1490 

1997 

2505 

2797 

IRQ  ,ft-lb 

20.  1 

2‘0.  1 

19.  9 

20.  4 

COV 

1 . 75/< 

1 . 84"/. 

0.  giy. 

1 . 34'/4 

HP 

5,  7 

7.  6 

9.  5 

10,  9 

Fuel  , 

1  b  /  F 1  r 

2.  33 

3.  16 

4.  15 

4.  94 

0  j  r 

,  scftn 

16.  9 

24.  2 

26.  4 

19.  7 

0/f- 

33.  0 

34.  9 

29.  0 

18.  2 

BRFC 

0.  406 

0.  415 

0.  438 

0.  453 

Mavif"' 

COT 

(F) 

64 

63 

65 

65 

Fue  1  T 

<F) 

52 

53 

54 

55 

0  i  1  T' 

(F) 

209 

165 

188 

239 

Ex  T 

( F  ) 

489 

489 

62l6 

8 1 7 

SOE  TRO 

19.  1 

10.  a 

18.  8 

19.  2 

SOE  HF-' 

5.  5 

7.  2 

8.  9 

lO.  2 

OolEf f 

0.  70 

0.  84 

O.  73 

0.  49 

Odv.  , 

deg 

20 

20 

20 

20 

I  tini  t  ion 

ON 

ON 

ON 

ON 

OPO-lOO  data 

Pniax 

( a  t  rn ) 

43.  3 

39.  3 

32.  3 

31. 4 

1? 

(deq) 

3 

6 

7 

5 

dF-'niax 

( at  rn ) 

2.  86 

2.  15 

1. 46 

1. 66 

il' 

( C  .F  e  q  ) 

0 

2 

-2 

D-4 


COMBUSTION  ELECTROMOGNETICB  INC, 

32  PRENTISS  ROOD 
Ov'I  ington,  Massachusetts  02174 
PHONE:  (El  7)  G4 1-0520 

123  File: 

Dale:  1/17/90 

Et'iqine:  Deuts  FlL-511,  CEI  head,  cylinder,  piston  |^I-^ 

Test:  deg  adv,  26  deg  i  n.j 


Test  DEI  7 JO 

«  1 2 


iTr-'i'i 

1 509 

IRQ  , 

ft -lb 

25.  1 

cnv 

1 . 66”/. 

HP 

7.  2 

Fue  1 

, Ih/hr 

2.  91 

0  i  v" 

,  scfrn 

16.  5 

0/1' 

25.  8 

Bsrc 

0.  403 

Mav'if^ 

COT 

(F) 

63 

FuelT 

(F) 

53 

0 1  1 T 

<F) 

2 1  1 

Ex  T 

(F) 

606 

BOE  TRQ 

23.  8 

SOE  HP 

6.  8 

Vo IE Tf 

0.  75 

Odv.  , 

d  f?  q 

20 

I  g )'  1  i  t 

i  ori 

ON 

OP 0—100  data 

Prnax 

( a  t  rn ) 

47.  4 

P 

(deg) 

0 

d  Prnax 

( atrn) 

3.  47 

0 

( d  e  g  ) 

-7 

13 


2015 

z5^y 

26.  0 

'2-(e>.0  , 

1 . 30"/. 

0.lp2ji> 

1  0 .  3 

12.  ^ 

4.  19 

6'.  53 

2 1 . 5 

in'  vilr  ■ 

0.  408 

c.Hhi 

64 

0.73 

02 

55 

6-'y 

2 1 8 

zoi- 

737 

WO 

Z^i(p 

9.  0 

ll.% 

0.  74 

20 

2V 

ON 

46.  1 

^/3.? 

2.  88 

'•“'b 

} 

D-5 


COMBUST I  ON  ELECTROMAGNET I CS 


INC 


17- Jan -90 
16:  6:23 

Indicated  Data  vs  Crankanqle 


18- JAN-90 
10:52:33 


Enqine  :  DEUTZ  FlL-511 ,  CEI 
Cell  :  Sup erf low 

Project  :  TACOM 

‘Jer  2.2 

No.  Cylinders 

=  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr .  Ratio 

=  12.00 

Intake  = 

328.5, 

-120 

I gn  Timing 

=  984.0  Deg 

Exhaust  = 

108.5, 

392 

Engine  Speed 

=  2800.0  rpm 

Engine  Torque= 

0.00 

N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

"'■'i  ?T)E17JA^010  F 

1 

£ 

-R 

ro 


«l 

L 

0. 


3) 

u 


DATA  MARKERS 


Prnax  = 
0 

dPmax= 


38.0059  Q 

^  irO  0  -  ( 

2.1806  ^ 
-e .  0»  -  *3 


ib.Z 

•7;  yLVS'y. 


Double-trianqle  is  valve  timinq 


D-6 


COMBUSTION  ELECTROMAGNETICS,  INC 


17-Jan-90  18-JAN-90 

16:  6:23  09:24:41 

Indicated  Data  vs  Crank an qle 


Engine  ;  DEUTZ 

FlL-511,  CEI 

Ver  2.2 

Cell  :  Sup erf low 

Project  :  TACOM 

No.  Cvli  riders 

= 

1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Cornpr  .  Ratio 

= 

12.00 

Intake  = 

328,5, 

-120.5 

Ign  Timing 

= 

984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

= 

2000.0  rprn 

Engine  Torque= 

0.00 

N-m 

APAIOO;  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

• 

bET7JAVo04| 

£ 

-f 

fl) 


L 

0. 


3) 

O 


Crsnksngf  1  e  Degfr'ees 


DATA  MARKERS  : 


Pmax  =  29,7624  o 

0  t''?' 

dPmax=  0.8171  ^ 

.  <3  -l26  .  etO'  — 

Double-triangle  is  valve  timing. 


{iM 

,'5243  BSFC 
PcOS‘-£  ?‘-^<S7 


D-7 


COMBUST I  ON  ELECTROMAGNET ICS,  I NC 


17- Jan -90  18- JAN-90 

16;  6:23  10;  11:  48 

Indicated  Data  us  Crankangle 


Enqine  ;  DEUTZ  FlL-511,  CEI  Ver  2.2 
Cell  ;  Sup erf low 
Project  ;  TACOM 

No.  Cylinders  =  1  Bore  =100.00  mm 

Stroke  =  105.00  mm 

Cornpr.  Ratio  =  12.00  Intake  =  328.5,-120.5 

I qn  Timinq  =  984.0  Deq  Exhaust  =  108.5,  392.5 

Enqine  Speed  =  2000.0  rprn  Enqine  Torque=  0.00  N-m 

APAIOO;  U.S.  Army  Tank  Automotive  Command 

Title  l:"bE17JA.006f 


E 


L 

Ol 


3) 

o 


Cr'ankangf  1  e  Degfr'ees 


DATA  MARKERS  ; 


Pmax  = 

dPmax= 

q 


23.8607 

■areTtve- 

0.7650 


1 0 

\h&FC- 


Double-tr i anqle  is  value  timinq 


D-8 


COMBUST I  ON  ELECTROMAGNET ICS,  I NC . 


17- Jan-90  18- JAN-90 

16:  6:23  10!38:12 

Indicated  Data  vs  Crankanqle 


Enqine  :  DEUTZ  FlL-511,  CEI 
Cell  :  Sup erf low 

Project  !  TACOM 

Uer  2.2 

No.  Cylinders 

=  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr  .  Ratio 

=  12.00 

Intake  = 

328.5, 

-120.5 

I qn  Timinq 

=  984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

=  2800 .0  r pm 

Engine  Torque= 

0.00 

N-m 

APAIOO!  U.S. 

Army  Tank  Automotive  Command 

Ti  tie 

:?DEl7»iA.0di^%/ 

DATA  MARKERS  !  ' 


Pmax  =  19.520^  ^ 

dPmax=  0.6453 

>3  -  ^6? 

Double-tr i an^le  is  valve  timinq. 

D-9 


2. 80  ? 

<1,?) 

^src 

7. 


COMBUST I  ON  ELECTROMAGNET I CS 


INC 


17-Jan-90 
16:  6:23 


18-JAN--90 
11 :04:50 


Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ  FlL-511,  CEI  Uer  2.2 
Cell  :  Sup erf low 
Project  ;  TACOM 


No.  Cylinders 

Compr  .  Ratio 
I qn  Timing 


1 

12.00 
984.0  Deg 


Bore 

Stroke 

Intake 

Exhaust 


100.00  mm 
105.00  mm 

328.5, -120.5 

108.5,  392.5 


Engine  Speed  =  2000  £4110 


Engine  Torque=  0.00  N-rn 


APAIOO:  U.S.  Army  Tank  Automotive  Command 

- -  ■■  -9 

Ti  tie  7'i;,DE17JA.011^^‘ 


7,0.1 

rs-src 

?(-Lk3.S, 


DATA  MARKERS 


Pmax  = 
<3 

dPmax= 

•3 


43.2622 

ig.oo-  ?> 

2.8623  p 
-^rOtr 


Double-triangle  is  valve  timing 


D-10 


COMBUST I  ON  ELECTROMAGNET I CS 


INC 


17-Jan-90  "  18-JAN-90 

16!  6:23  09!5l!57 

Indicated  Data  vs  Crankanqle 


Enqine  !  DEUTZ  FlL-511,  CEI 
Cell  !  Superflow 

Project  !  TACOM 

<v»er  2.2 

No.  Cylinders 

=  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr.  Ratio 

=  12.00 

Intake  = 

328.5,- 

-120.5 

I gn  Timing 

=  984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

=  2000.0  rpm 

Engine  Torque= 

0.00 

N-m 

APAlOOr  U.S. 

Army  Tank  Automotive  Command 

Title 

TiifDEFzJA’Too^ 

'2-0.1 

,  '//"S'  tS'SFC 


DATA  MARKERS  : 


Pmax  = 
dPmax= 


39.2653 

6.00 

2.1546 

0.00 


Double-triangle  is  valve  timing. 


D-11 


COMBUST I  ON  ELECTROMAGNET I CS 


INC. 


17-Jan-30 

18- JAN-90 

16!  6:23 

10  !24!35 

Indicated  Data  vs  Crankangle 

Engine  :  DEUTZ  FlL-511,  CEI 
Cell  !  Sup erf low 

Project  :  TACOM 

tjer  2.2 

No.  Cvlinders  =  1 

Bore  = 

100.00  mm 

Stroke  = 

105.00  mm 

Compr .  Ratio  =  12.00 

Intake  = 

328.5,-120.5 

I gn  Timing  =  984.0  Deg 

Exhaust  = 

108.5,  392.5 

Engine  Speed  =  2500.0  rprn 

Engine  Torque= 

0.00  N-m 

APAIOO:  U.S.  Army  Tank  Automotive  Command 

T  i  1 1  e  0  O'? 

DATA  MARKERS  : 


Pmax  = 

dPmax= 

<3 


32.3333 

17.0D- 

1.4572 

4a-r99- 


Double-triangle  is  valve  timing. 


D-12 


10  9 

I?>'SrC 


COMBUSTION  ELECTROMAGNETICS,  INC 


17- Jan -90  18- JAN-90 

16!  6:23  12:0'^:00 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ  FlL-511,  CEI 
Cell  :  Superflow 

Project  :  TACOM 

Mer  2.2 

No.  Cvlir!d*=r 

Compr  .  Ratio 
I gn  Timing 

s  =  1 

=  12.00 
=  984.0  Deg 

Bore  = 
Stroke  = 
Intake  = 
Exhaust  = 

100.00 

105.00 

328.5, 

108.5, 

mm 

mm 

-120.5 

392.5 

Engine  Speed 

=  2800.0  rpm 

Engine  Tbrque= 

0.00 

N-m 

APAIOO:  LI.S. 

Armj>  Tank  Automotive  Command 

Title 

<:'6E1^JAVoi4 

Pmax  = 

31.3757 

(0 

-«-rW- 

dPmax= 

1.6602 

_  0 

0 

Vi  O  A— 

*t"5  U  L' 

'lOM 

/y5!>  B5FC 
rL  ?lU(^ 


Double-triangle  is  valve  timing 


D-13 


COMBUSTION  ELECTROMAGNETICS,  INC. 


17- Jan -90  18- JAM-90 

16:  6:23  11:32:55 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ  FlL-511,  CEI 

Uer  2.2 

Cell  :  Sup erf low 

Project  ;  TACOM 

No.  Cylinder 

5  =  1 

Bore  = 

100.00 

mm 

Stroke  = 

105.00 

mm 

Compr .  Ratio 

=  12.00 

Intake  = 

328.5, 

-120.5 

Ign  Timing 

=  984.0  Deg 

Exhaust  = 

108.5, 

392.5 

Engine  Speed 

=  1500 .0  rpm 

Engine  Torque= 

0.00 

N-m 

APAIOO:  U.S. 

Army  Tank  Automotive  Command 

Title 

:feo;^?j^;&r2T| 

f 

80. 


/-s 

£ 

4>  €0. 


m  40. 
tt 
0 

t- 

20. 


3) 

O  0. 


DATA  MARKERS  : 


Pmax  = 

47.4464 

fFr&O 

o"’ 

dPmax= 

3.4660 

o 

-9- 

1509 

7,  . 


Double-triangle  is  valve  timing 


D-14 


COMBUSTION  ELECTROMAGNETICS,  INC. 


17-Jan-90 
IS:  6:23 

Indicated  Data  vs  Crankangle 


Engine  :  DEUTZ  FlL-511,  CEI  Ver  2.2 
Ceil  !  Superflow 
Project  !  TACOM 


No.  Cylinders  = 

1 

Bore  = 

Stroke  = 

100 

105 

Compr .  Ratio  = 

12.00 

Intake  = 

328 

I gn  Timing  = 

984.0  Deg 

Exhaust  = 

108 

Engine  Speed  = 

2000.0  rpm 

Engine  Torque= 

0 

APAIOO:  U.S.  Army  Tank  Automotive  Command 
Title 


Pmax  = 

46.1141 

-9-refh 

dPmax= 

2.8832 

( 

<3 

-um. 

-6 

Double-triangle  is  valve  timing. 


18-JAN-90 
11 !45:14 


.00  mm 
.00  mm 
.5,-120.5 
.5,  392.5 

.00  N-m 


Z0I5' 

%'/65 

,70?  'B.-SFC 


D-15 


COMBUSTION  ELECTROMAGNETICS,  INC. 


29-Jan-90 
1 1  : 1  ‘1 : 1 4 


29- JAN -90 
12:09:06 


Indicated  Data  vs  Crankanqle 


Enqine  :  DEUTZ  FlL-511,  CEI  fJer  2.2 
Cell  :  Sup erf low 
Project  :  TACOM 


No.  Cylinders  =  1 

Compr .  Ratio  =  12.00 

I qn  Timinq  =  984.0  Deq 


Bore 

Stroke 

Intake 

Exhaust 


100.00  mm 
105.00  mm 

328.5. -120.5 

108.5,  392.5 


Engine  Speed  =  2500.0  rpm 


Engine  Torque= 


0.00  N-m 


APAIOO;  U.S.  Army  Tank  Automotiye  Command 


T  i  tie 


S^&E294A,0i^ 


'ihVC-^ 


£ 

+'  60. 


L 


3) 

O  0. 


I  I  t  t 

lit! 


t  t  :  I 

.J _ i . \ . j.. 

5  *:  I  ***T* 

:  f  i  i 

I  i  I  I 


!  I  \y^\ 


X 

i  Nl  i 


I  t  i  i 


:  {  ; 

i  I  i 


i  !  I  : 


t  :  1  : 

. T'*—i . r 

i  !  i  i 

:  I  }  t 


■pOAC  •XGN 

z^.D  •911’ 

,HH2 


-50.  O.^C  50. 

Cr'ankangrle  Degfr'ees 


DATA  MARKERS  ; 


Pmax  = 
dPmax= 


43.6515 

.44-r^ 

2.1483 


Do u bl e- tr i angle  is  yalve  timing. 
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